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now offers Malete Anhydride in commercial quantities. This 
matertul ina newly engineered physical torm—— hollow evlinders that 
are easy to handle, resist “dusting, and melt or dissolve quickly beeaus« 
they have maximum surtace area. 

deving oils such as sova are modified with Maleie Anhydride 
to give improved drving rate and decreased bedving time, Ester gum- 
modified with Malete Anhvdride are higher meling and have better 
color and bodving 

Ethylene ghyeol and diethylene glycol maleates are copolymerized with 
-tyrene to make excellent laminating and molding resins. Malete 

vies resin copolymers in resin coatings give outstanding metal 
adhesion upon ave deving. aveiding the necessity for baked in 
many appleations 

Commercial quantities of Diethyl Maleate and Dibutyl Maleate are 
also supphed by Canoe. Research quantities of other Malev ean 
In supplied 

Call or write our nearest offier for samples and uy tesdate techmieal 


lata on Mak Mal haters. 


CARBIDE an GARBON 
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Union Carbide and Carben Corporation| 
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The Lummus man | responsible for the process 
design of your project has 
had more than fifteen years’ experience in design, develop- 
ment and operation. He holds a master's degree in Chemical 
Engineering from a leading university or engineering college. 
His background includes refinery operation, maintenance and 
construction along with process design engineering 


Noteworthy projects that have widened his Lummus’ experi- 
ence are: the 2 world’s largest synthetic rubber projects; the 13 
complete aviation gasoline plants; over 60 solvent refining 
lube oil plants, and the many thermal cracking, polyforming 
and coking units. 

His background is worldwide. Currently, he is at work in 
England, Egypt, France, Sweden, Venezuela, and across the 
United Stotes. He serves on technical committees, lectures on 
refinery and chemical engineering practice, and writes techni- 
cal papers. His viewpoint is broad and practical. 

The Lummus Process Design Engineer — trained to work with 
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process design 


these Lummus men bring you a world of experience 


molecules —is equally well equipped to work with people. You 
will find him keenly aware of the gains that come from co-op- 
erative interchange of information with your own technical 
staff. He contributes in large degree to the satisfactory rela- 
tions that exist between industry and Lummus. 


THE LUMMUS COMPANY 
420 Lexington Avenve, New York 17, N. Y. 


LUMMUS 


CHICAGO 600 South Michigan Avenue Chicogo 5. II! 
HOUSTON — Mellie Esperson Bidg Houston 2, Texas 
The Lummus Compony, tid., 525 Oxford London, W-1, England 
Seciete F des Techniq 
39 Rue Cambon, Paris ler, France 
Vv 4 Lummus — Edificio Gradillas” 
Esaquine Los Gredilles, Cerecas, Venezuela 
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OISE QEEION KAKON | 
DIVINE, PURIFYING "AKO, ‘OISE AE, MO! 


“OOPA MEFAPON 


FUMIGATION 


“QuickLy, O! DAME, BRING FIRE THAT | MAY BURN SULPHUR, THE CURE OF ILLS.” So 

spoke the warrior, Ulysses, after forcefully ridding his home of Penelope's suitors on his 

return from the siege of Troy. Homer called burning Sulphur, “Divine, Purifying Fumigation”. 
Indeed, Sulphur so impressed the ancients that they used 
it even in their religious rites. 


Through the centuries, Sulphur's usefulness has multi- 
plied until today its services are indispensable to man- 
kind. Producing foods, refining petroleum, making paper, 
vulcanizing rubber, pickling steel, producing textiles, 
helping form pigments and paints—the list of Sulphur's 
services goes on and on. Chemical processes involving 
Sulphur are marked by versatility, reliability and economy. 


FREEPORT SULPHUR COMPANY, oldest U. S. pro- 


ducer of crude Sulpbur, bas been supplying 
this essential raw material for over 35 years. 


FREEPORT SULPHUR COMPANY 


Orrices: 122 East 42nd Street, New York 17, N. Y. ¢ Mines: Port Sulphur, Louisiana « Freeport, Texas 
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Only plasticizer 
giving vinyls flame 
resistance... plus 
nine other important 
qualities 


Kvery Mensnete poblidhay Ghats 


Take your choice 
of three forms of 
Monsanto Phenol 


Whether you use phenol for any of various 
products, ranging from pharmaceuticals 
to photographic chemicals, you can get 
the form you want from Monsanto. Mon- 
santo Phenol is available as Phenol, 
U.S.P.; liquid phenol, 85°; solution; and 
liquid phenol, 88°) solution. Delivery of 
phenol, or any of the long list of Monsanto 
Intermediates, can be made promptly 
from the Monsanto Warchouse nearest 
your plant 


WITH ORDINARY WITH SANTICIZER 


PLASTICIZERS plastic 141 flims will not sup- 
films burn readily. port flame. 


Low toxicity. 
Resistance to 


Monsanto's Santicizer® 141, member of Flame resistance. 


If you would like information or quotations 
on phenol or any of the Monsanto Inter- 
mediates, mail the coupon, or make your 
request to the nearest Monsanto Sales Office. 


the world’s most versatile family of plas- 
ticazers, delivers more desirable qualities to 
high-grade vinyls than any other plastiutcer 
With these qualities, you can gain more 
customer acceeptanc ¢ for your product 


more repeat sales more profit 


Compare the properties of Santicizer 141 
with those of any other plasticizer. See 
how much more you get with Santicizer 
141. The advantages delivered by Santi- 
cizer 141 include the following 


Research Chemists’ Corner 


You may find something new here 


Chemists who are looking for ways to im- 
prove thei produc ts oF develop new ones 
may profit trom studying the specifications 
of Monsanto's thocarbanilide (diphenyl 
Research in the 
application of thi product is far from ex- 
hausted 


thiourea) given here 
It may hold the secret of great 
If you'd 
like to test throcarbaniide for its possbali- 


forward steps for your business 
ties in your projects, we'll be pleased to 
send you a sample without cost and with- 
out obligating you in any way. Just indi- 
cate your wishes on the coupon! 


CHEMICAL ENGINEERING PROGRESS 


3}. Softness and drape. * 
weather. > 


Monsanto Intermediates 
for prompt delivery 


ertho-Aminotpheny! 


Low-temperature flexibility 
Light stability 
Resistance to 


Low volatility 
embrittlement. 
Strength, clasticity, abrasion resistance. 

Improved processing. 


ortho-Nitrochloro- 
para-Aminotmpheny! benzene 
or tho- meta-Nitrochloro- 
If these qualities are important to your Senpane 
product, it will pay you to get full details 


on Santicizer 141 


para-Animdine 
Benzoic Acid, 


Technical 


fara-Nitrochloro- 


benzene 
Use the coupon to get rs 
your free copy of the sixteen-page booklet pere-Nitrophenol 


“Santicizer 141 


Benzotru hlonde 
Benzy! Chioride 


meta-Chioroaniline 


. the Safe Plasticizer.” ortho-Phenetidine 
para-Phenetidine 
Phenol, U.S.P 
Phenol, liquids, 
85% & 88% 
Phenolsulfome Acid, 


65% & 70% 


ortho-Chioroaniline 
fara-Chioroaniline 
ortho-Chiorophenol 
para-Chiorophenol 
Cyclohexvlamine Phosphorus Oxychlo- 


Dicyclohexylamine ride Phosphorus 


Moisture: 0.5% moximum (test must 


avoid decomposing condi- 


Trichloride 


Salicylic Acid, 


Technical 


Dinitroaniline 


Dinitrochlorobenzene, 
Ash: 46.5 
Specific Gravity: 132 | 25 C. 
Solubility: Soluble in alcohol. Insoluble 
in woter and many other 
common solvents. 
Iwo grades are available, one a white 
powder melting at 148° ©. minimum and 
the other a whuite-to-grey powder me lting 
at 146° C. minimum 
o: A weak organic base. Boiling 
with hydrochloric acid results in formation 
of phenyl isothiocyanate. The sulfur can be 
removed by PbO in alcohol solution form- 
ing carbocdiphenylimide or, in the presence To get in touch with a sales representa- 
of ammonia, diphenylguanidine. Conden- tive, look under “Chemicals and Plas- 
sation with CS, and sulfur under pressure tics” in the classified pages of your tele- 
produces 2-mercaptobenzothiazole phone book 


Sodium Benzoate, 


Dinitrochlorobenzene, 
Technical 


ano 
para-Toluenesul- 


Monsanto Salt 
fonamide 


orthe-Nitroamline 


orthe-Nitrotaphenyl 


para- Toluenesul- 


fonchlornde 


Toluenesulfonic Acid 


para-Nitrotuphenyl 


MONSANTO Sales Representatives are 
located in principal cities of the world. 
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Santomerse No. 1 
is hard-working 
detergent and 
wetting agent 


In any process needing a reliable and 
hard-working detergent, wetter, emulsi- 
fier or penetrant, Santomerse* No. | proves 
itself to be efficient and economical. No 
other product in the classification of San- 
tomerse No. 1 wets faster, penetrates 
deeper or cleans cleaner 


Santomerse No. 1 is the all-purpose deter- 
gent and wetting agent. It gives excel- 
lent results in hard or soft water . . . in 
acid or alkaline baths . . . in hot or cold 
solutions. Santomerse No. 1 rinses out 
quickly and thoroughly . . . does not form 
insoluble curds and can be used for remov- 
ing such deposits formed by other materials 
For technical information on Santomerse 
No. | and its many applications, mail the 
coupon or contact the nearest Monsanto 
Sales Office. 


Try Sterox DNK i in 
de-inking newsprint 


Many re-uses of newsprint require that all 
the printing ink be removed. And, to 
make re-use practical, the ink must be 
taken out rapidly, thoroughly and eco- 
nomically. Sterox* DNK mects all three 
of those requirements. Want to try it? 
Monsanto will provide technical counsel 
and Sterox DNK for a mill run free 

MONSANTO manufactures more than 
400 chemicals and plastics 

IF YOU WANT to make your own 
sulfuric acid, inquire about Monsanto- 
designed plants 

THERE ARE 27 MONSANTO plants, 
including those in Australia, Argentina, 
Canada, England and Wales. 

MONSANTO CHEMICALS are used 
in producing more than 20,000 products. 


MONSANTO soolUM PHOSPHATES cre produced in a modern chemical 


ore under strict production and laboratory control. 


you of getting unexcelied quolity and uniformity in sodium phosphates. 


Build better detergents with 
Monsanto Sodium Tripolyphosphate 


Among the numerous sodium phosphates 
in the Monsanto line is sodium tripoly- 
phosphate, a product worthy of thorough 
investigation by cleaning compound man- 
ufacturers. 


Sodium tripolyphosphate is high in deter- 
gency, sequestering and water-softening 
power. Soap scum and curds, character- 
istic of hard water when soap is used, 


TRI POLY — Soap, detergents, water soften- 


ACID SODIUM PYRO —Boking powder, oil- 
drilling mud, electroplating. 


phosphotes, potas- 


disappear with the application of sod 
tripolyphosphate. 


Like other Monsanto Phosphates, sodium 
tripolyphosphate is in good supply as a 
result of expanded manufacturing facili- 
ties. It can be shipped from one of ten 
warchousing points that dot the map 
from coast to coast and from border to 
gulf. For further information and quota- 
tions on sodium tripolyphosphate or any 
Monsanto Phosphate, contact the nearest 
Monsanto Sales Office or mail the coupon. 


Monsanto Sodium Phosphates 
and Some of Their Uses 


MONO SODIUM—Woter treatment, textiles. 
acid cleaning compounds. 

DI SODIUM—Cheese, leather, textiles, deter- 
gents, dye, pigments. 


TRIE SODIUM — Woter softeners, detergents, 
metal cleaners, textiles. 


TETRA SODIUM PYRO — Soop, detergents, 
cheese, textile dyeing, bleaching ond finishing, 
metal oil-drilling mud, water treot- 
ment, water softeners, gloss degreasing. 


MONSANTO CHEMICAL COMPANY 
1717-C South Second Street, St. Lovis 4, Missouri 


phat iron 
ghaten, olky! alkali phos- 
photes, special phosph and phosphoric acid. 


MONSANTO CHEMICAL COMPANY, 1717-C South 
Second Street, St. Louis 4, Missouri. District 
Sales Offices: Birmingham, Boston, Charlotte, 
Chicago, Cincinnati, Cleveland, Detroit, Los 
Angeles, New York, Philadelphia, Portland, 
Ore., San Francisco, Seattle In Canada, 
Monsanto (Canada) Ltd., Montreal 


U. Pas. OF. 


SERVING INDUSTRY...WHICH SERVES MANKIND 


Please send, without cost or obligation, information and somples as indicated of the left. 
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plant at Trenton. 

‘ This ossures 
ers, textile dyeing, bleaching and finishing, de- 
greasing, meta! deaning, clay refining. | 

| 
| MONSANTO | 
| 
Product: | Date | Prices 
Sodium Tripoty 
Thiocarbonilide 
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_ cost of packing for chemical towers must be 
based on original cost of the packing against length 
of service, plus labor cost for ¢ Jeaning and repac king, 

and lost production time. Because they are stronger 
poner «smoother, Lapp Porcelain Raschig Rings last 
longer ..- they are the most economical ceramic 
rings you can buy. 


STRONGER, NON- POROUS PORCELAIN. Lapp Raschig 
Rings are made of solid Lapp Chemie -al Porcelain, @ 
dense, thoroughly vitrified, pure. iron -free ceramic 
material of zero porosity «+ + Pe rmits no absorption 
of liquids oids disintegrat jonand crumbling. 


SMOOTHER SURFACE. Without benefit of glazing, Lapp 


Porcelain is hard and smoot h. easy toe Jean—and 


stays clean longer. 


Lapp Rings are available in 14°, 56", 1", 
1)", 2 and 3" sizes. Write for detailed description, 
prices, samples. Lapp Insulator Company, Inc., Process 
Equipment Div., 

250 Maple St.. 

LeRoy, Y. 


EQUIPM 

CHEMICAL PORCELAIN VALVES * PIPE BA 

PULSAFEEDER CHEMICAL 


an 
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Armowr gets lower costs 


with a Girdler Hydrogen Plant 


A A RESULT of years of research and development, Armour Works speak louder 
and Company has recently expanded its operations in 

the chemical field. An important part of this program called 
for a dependable, continuous supply of low cost hydrogen. 
That need has been met to a high degree of satisfaction by 

the modern Girdler Hygirtol* Plant shown above, located 

at McCook Illinois “HYGIRTOL uw « wade mark of The Gerdler Corporanon 


than words 


The hydrogen plant at McCook is the third Girdler 
Hygirtol* Plant purchased by Armour and Company. All of 
these plants were designed and built by Girdler engineers. 


GAS PROCESSES DIVISION 


Let Girdler serve you in your problems involving gas 
processes. Girdler designs and builds facilities to produce, 
purify or use chemical process gases, liquid and gaseous 
hydrocarbons, and organic compounds . . . Write for LOUISVILLE 1, KENTUCKY 


further information. Designers, Engineers and Constructors 
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FOR VALVES 
THAT CHECK CORROSION 
LOOK TO THE 


CRANE LINE 


ALLOY CAST IRON GATES 
FOR PROCESS INDUSTRIES 


These Crane valves find wide application in services 
where conventional “all-iron” and “brass trimmed” 
valves fail because of corrosion of seating surfaces. 
Valve body and disc are Crane Low Nickel Alloy 
Iron, offering greater resistance to corrosion than 
ordinary gray iron. For a point by point analysis 
of these better corrosion-resistant Crane valves, see No. 14447 Gate 18-8 Mo Trimmed. 
the features listed below. Working Pressure: 200 pounds cold 


water, oil, gasoline or gas. 
Better Flow —straight-through ports are non-restricting to flow; Sizes: 2 to 12 inch. 


minimize turbulence and corrosive action. 


Tight Seating —18-8 Mo renewable screwed-in shoulder-type 
body seat rings do not loosen in service. Full 
length integral disc guides keep disc travel true; DESIGNED TO WORK BETTER 
eliminate drag and undue wear on seating surfaces. AND LAST LONGER 


No Stem Binding— Two-piece ball-type gland maintains uni- 
form pressure on packing; prevents binding on 
stem when gland bolts are not pulled up evenly. 

Deep Stulting Tighter Body- 

No Side Strain On Stem disc-stem connection pre- with two-piece boll 


og type gland Greater number 
vents any side strain on stem; gives flexibility for ———— — of smalier diome 

ter bolts equalires 
smooth operation, pressure ongasket 


Strenger Body Extre Resist- 
with mo excess ence to line 
weight. Elliptical stresses 
Send for Circular No. 320 contour of body 5 y { by integrally 
and bonnet throat , cost he ribs be 


For further tnformation about these—and provides high 


rewstence to 
other “COPTOsion-Cesistanty alves, see your pressure 


new No. 49 Crane Catalog, or send tor loods 
Corrosion-Resistant Piping Materials Cir- 
cular No. $20. No obligation. 


CRANE CO., 846 8S. Michigan Ave., Chicago §, HL. 
Branches and Wholesalers Serving All Industrial Areas 


EVERYTHING FOR EVERY PIPING SYSTEM 


CRANE 


VALVES «+ FITTINGS + PIPE « PLUMBING AND HEATING 
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It keeps the RED from the WF !2 and the BLUE 


FasricaTep entirely of stainless 
steel, the 60” diameter by 32°0” dryer 
pictured above is probably one of the 
most costly direct heat rotary dryers 
(of its size and weight) ever built. 


The entire interior, including the 
flights, is polished to a mirror like satin 
finish, and is easily accessible for thor- 
ough cleaning. Both the feed and dis- 
charge breechings, complete with their 
air-tight inspection doors and labyrinth 
seals, are also stainless steel, polished 
to a satin finish on the inside. 

To assure a satisfactory product free 
from contamination, the air used in 
drying is first filtered through an air 


ARTLETT 
- SNOW 


CLEVELAND 5, OHIO 


filter. This air on leaving the dryer 
goes to a cyclone dust collector of 
Bartlett-Snow’'s special high efficiency 
design. This equipment also is of stain- 
less steel construction, and polished, 
and all parts of the equipment are 
enameled on the outside as a further 
aid in preventing contamination. 

Engineered, designed, and com- 
pletely fabricated in our extensive 
machine and structural shops, this 
dryer — built to prevent any possible 
mixing and spoilage, between different 
batches —and colors—of a well known 
plastic, reflects the ability of Bartlett- 
Snow engineers to meet even the most 
exacting heat engineering problems. 


DRYERS COOLERS CALCINERS 


Our wide experience and highly 
technical, mathematical approach to 
every dryer problem is your assurance 
that the diameter and length of the 
shell, the pitch, the rate of feed, the 
time of passage, the method of firing, 
and all other specifications of the 
equipment recommended will be ex- 
actly suited to your particular and 
individual requirements. Send for 
Bulletin No. 89,—and let the Bartlett- 
Snow heat engineers work with you 
on your next heat engineering prob- 
lem. The C. O. Bartlett & Snow 
Company, Cleveland 5, Ohio. Engi- 
neering representatives in New York, 
Baltimore, Detroit and Chicago. 


KILNS 


Designing and Contracting Engineers. 


COMPLETE MATERIAL HANDLING EQUIPMENT FOR ANY REQUIREMENT 


% 
¢ 
_ 
RB | 


BROWN FINTUBE 


Tank Suction Heaters and Line Heaters 


@ Brown Fintube Tank Suction Heaters are moderately priced and 
highly efficient. They heat viscous oils so that they can be pumped 
more easily, and bolt or weld to a tank nozzle, or directly to the 
tank shell, so all piping and connections are made outside the tank. 


The Line Heaters are used as Suction Heaters to permit easier 
pumping of viscous oils; —or as Pressure Heaters, either to over- 
come temperature losses in long lines, or to preheat liquids for 
further processing. 


In all cases the bundles consist of Brown Fintube hairpins rolled 
into the tube sheet in full compliance with the ASME codes. Metal 
bands, placed around alternate fintubes, prevent the longitudinal 
fins from interlocking and restricting the flow. This construction 
avoids baffling, and permits the liquids being heated to pass through 
the bundle wanobstructed, in close contact with the fins and center 
tubes, with low pressure drop. Wide range of standard sizes. 


Send for Bulletin No. 482. it gives full details. 
let us quote on your requirements. 


Brown Fintube Hairpin Bundles Show- 
ing the Banding of Alternate Tubes 
thet Eliminetes Boles and Assures 
Unobstructed Flow 


Hoirpin Bundle Assembled in Shell 
Showing Mounting of Tube Sheet 
Between the Shell and Head 


THE BROWN FINTUBE CO. (ee 


ELYRIA, ONIO 


HEAT TRANSFER 
PRODUCTS 


CHEMICAL ENGINEERING PROGRESS March, 1950 


| 
pus 
_—— 
j 
ae 
a 
\ 
} 
j 
7 
d 
Page 12 
- 


look to DOW for 


bromine 


Sta) 
fer 
the 
belo: 
at Midis«: 


SPECIFICATIONS: 
Bromine, not less than . 
Chlorine, not more than 
Specific Gravity at 20, 15°C., not less than 


COMPANY 


Al 


on BROMINE 


The Dow Chemice! Compeny 


D Ow 


CHEMICALS 


INDISPENSABLE TO INDUSTRY 


AND AGRICULTURE 


3.1 
ai 
| 
THE COW CHEMICAL MIDLANG, MICHIV AM 
= 
| 
| 
! Nome Title 
Compeny 
Address 
| City. ‘ 
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Tested performance, 
superior workmanship 
and lower cost... 


WITH PFAUDLER’S STANDARD LINE 
OF STAINLESS STEEL EQUIPMENT 


Qa. Of what does Pfaudler’s standard line of Stain- 


less Steel process equipment consist? 


A series of engineered stainless steel jacketed 
reaction vessels with motor driven agitators 
ranging in size from 5 to 500 gallons; jacketed 
evaporating pans in 12, 60 and 150 gallons; heat 
exchangers and coadensers in various designs 
and capacities. 


What has guided you in designing this equip- 
ment to assure good performance? 


Over 20 years of engineering experience in de- 
signing all types of stainless steel chemical 
process equipment. The most efficient designs 
were selected from this experience from the 
standpoint of size, design, agitation, heat 
transfer and cost. Pfaudler pioneered in perfect- 
ing the technique of stainless steel welding. 


How do you handle various requirements from 
standpoint of corrosion resistance? 


Stock units are made of type 316 but ample in- 
ventories are carried of types 304, 321 and 347 
for quick delivery. Pfaudler also has facilities 
for heat treating and passivating where required, pel pornigaa 
How can I get the complete story? re 4 


Ask for Bulletins 823 and 837 or call the nearest 
Pfaudler sales engineer. 


When standard designs won't answer your needs, 
Pfaudler engineers stainless steel to your requirements. 


Regardless of the vessel you require, there are “good” 
and “best” ways to design and build it. Part of the answer 
is an engineering staff with diversified experience. That 
Pfaudler has in abundance plus complete facilities to man- 
ufacture at low cost. May we bid on your requirements? 


Custom-built stainies 
of 1089 gallons cape 


THE P 

cor ne Rochester Branch Offices: 320 © ra 

Francisco 3. Ca Washington Ave Chicago 2, 

Trust Philadel Natl Bank Bhig.. Cincinnati 2. 

Bank Bldg. ve Little Bidg.. Boston 16, Mase: 
. 

Products Corp, Artillery Dalles. Texas ied 


House, Artillery Row, I ondun, 1, 


THE PFAUDLER CO., ROCHEST 


ER 3, NEW YOR ae STEEL 


Standard equipped Plovdier 
ef 500 gations capacity, 
i 


EXECUTIVE TRAINING AND DEVELOPMENT 


HE training and development of young men so that they can 
y better prepared to take on more responsibility is one of 
the most important elements in the business world today Growth 
in pension and retirement plans has been a decided stimulant 
More and more companies now have compulsory retirement, 
usually at the age of 65. This means that each vear, the older 
and generally more experienced executives are passing out from 
the top, thus making room for younger men and thei promotion 
to positions of greater responsibility 

Ihe development of a strong second team which is trained 
to take over top responsibility five, ten and fitteen years hence 


nae 


ajor concern in all wide-awake, and up-and-comimg com 
panies. As a matter of fact, there never seems to be an over 


supply of young or middle-aged men who have clearly proved 


that they are capable of taking on top responsibility 


More articles are being written about the subject of executive 
training and development than almost any other management 
activity, except possibly product application and development 


which also are of great importance 


What are some ways in which a company can go about the 
selection, traimmg and development of the young men who will 
be taking over positions ot top responsibility hilteen or twenty 
vears hence? The first step must obviously be appraisal and 
selection of new employees. The calibre of the men who will be 
running the company in the distant future depends to a consid 
erable extent on the selection in the employment offce of young 
men of latent ability now Space does not permit further 


elaboration of this job of skillful selection so that men of real 


promise can be taken on and infused into the bloodstream ot 
an organization, but it is the first important step 


At first, it does 
not matter too much where they are put to work, although this 
The point is that, after work 
ing six months or a year at something, the young man who has 


The next step is to put these new men to work 


should not be taken too literally 


initiative, imagination and the knack of getting along well with 
his fellow -workers will begin to show up. Special aptitudes begin 
to be evident which, in those companies which are really trying 
to do a job of developing their younger men, will lead to special 
assignments where the voung man’s indicated abilities can prove 
most useful. Many times things do not work out exactly this way 
but the trend is in this direction 


At this sta 
is likely to be helpful and is made from time to time in many 


ge. a rating of the emplovec by hes closest SUPpeT isor 
companies. Again, much has been written about merit ratings 
Obviously certain characteristics should weigh more heavily than 


others. Initiative, im 


gination and cooperation with others have 
slready been mentioned, and should assuredly be near the top 
Willingness to work hard, common sense and judgment must also 
take an umportant place. It is assumed that the man’s technical 
ability os adequate, and this of course cannot be ignored. It is 
important that, when the man has been rated, his rating be 
discussed with him by his immediate supervisor. Hf the latter does 


a good job in talking over the rating with the candidate, great 
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benefits can accrue and a subsequent rating will show real im 
provement if the candidate is the right kind of person for the job 


When it is becoming obvious which young men are beginning 
to stick their heads up above the pack, the next step in the 
training program can well be a series of carefully planned assign 
ments extending over a period of years, which assignments are 
directed toward giving the man experience in different depart 
ments or phases of the business. Management is sometimes loath 
to afford this kind of broad experience to their younger men 
because it may involve added labor expense. No belief could be 
more shortsighted. Hi the candidates have been carefully selected 
they will be good enough men so that they will pay their way 
no matter what they are assigned. Even if this were not the 
case, what better investment 


1 be made than the training of 
those men who are to comprise the management team of the 
future? 


Participation, by invitation, in executive conferences where 
important decisions are reached or important policies are devel 


oped is a most helpful method of training, as are group meetings 


at which a company executive talks ¢ 


bout various phases of the 
business 


During the training years, the importance of human relati 
ships should be stressed 


ihe candidate should be taught to be 
a leader, not a driver; he must be fair; he must be hones with 


homself and others; and he should give credit where credit is 
due, unless it is to himself 


What is the end result? An important vacancy occurs either 
because of illness, resignation, retirement, transfer, or promotion 
and instead of being forced to reach an emergency decision, the 
company which has been maintaining for years an adequate 
system of personnel selection and development will have little or 
no difeulty in picking the right man almost immediately to 
fill the created vacancy 


When a man has been selected and is promoted to a top job 
he should be given plenty of rope and put very much on his own 
It he has been properly trained, he will not need much super 
Viston 


\ really good executive invariably spends much of his time in 


en to take his place. Although this may 
seem difhcult at times, it ss a must. Organization charts which 


training one OF more ft 


show the retirement date and age of each supervisor have proved 
s good stimulant to developing men to fill the vacancies which 
lie ahead 


A littl pamphlet entitled “Bottom-Up Management” by Wil 
ham B. Given, Jr., president of the American Brake Shoe Co., is 
of the most inspiring articles recently written and has real 
bearing on the subject discussed here 


It is too easy to put off until tomorrow the development of 
men who are to carry the load in the future. Prepare in advance 
for emergencies, don't wait for them. Remember it's later 


than vou think!” 


R. Murray 
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Chemical engineers must consider other things in building a plant beside the equipment size and capacity 

according to these authors. . . . Return on investment and maximum profit for invested money will often 

make a difference in the equipment selected, size of pipe and, whether new boilers are bought or the 
old boilers rehabilitated. . . . Taxes are an important item. . . . 


VENTURE PROFITABILITY IN ECONOMIC 
BALANCES 


JOHN HAPPEL* and R. S. ARIES | 


A method for judging the attractiveness of new projects and for de- 
signing process plants has been developed in which proposed new ven- 
tures are compared on the basis of maximum additional profit above a 
predetermined rate of return consistent with the risk involved. Applied 
to the design of the component parts of a plant, the index specifies that 
the last increment of investment shall yield a satisfactory return. 
Whether this return rate is determined by the engineer or management, 
it is shown that such a figure must be available to the designer if he is 
to arrive at a selection of sizes and conditions which will constitute an 
optimum. Equations and examples illustrate the method. 


HE term “economic balance” in 

chemical engineering problems gen- 
erally refers to calculations made to de- 
termine the conditions for realizing 
maximum return from manufacturing 
operations. considerations 
which form the framework upon which 
sound decisions made are 
simple. Sometimes their application to 
the problems encountered in the devel- 


General 


must be 


opment of a commercial enterprise im- 
volves too many intangibles to admit 
in which case judg 
ment must be intuitive. Often, however, 
calculations may be made covering var 
ious phases of chemical processes with 
a considerable degree of exactness. It is 


of exact analysis 


believed that the usefulness of such cal 
culations could be extended by an exact 
formulation of their application to busi- 
ness decisions. The purpose ot the fol- 
low ing discussion is to develop some re 
lationships in this field 


Project Analysis 


Evaluation of the attractiveness of a 
new proposition usually involves the 
preparation of simplified forms of in- 
come account for a number of alterna 


* Present address: New York Univer 
sity, College of Engineering, New York, 
N 

*R. S 
N. ¥ 


Aries & Associates, Brooklyn, 


tives similar to those used in reporting 
profits. Such statements can be com 


pared then with actual statements 
of going ventures in the same field and 
with other propositions, The net 
profit of a venture may conveniently be 
expressed in terms of gross earnings, 
investment, taxes and depreciation. 

For the present discussion, the rela 
tionship of profit to these other variables 
may be expressed by a simple formula 
involving the following assumptions 
Depreciation is taken at 10° per year 
on the investment and it is assumed that 
this rate will also be allowed by gov- 
ernment authorities for tax purposes 
he duration or life of the project im 
question is also assumed to be 10 years 
with negligible salvage value. It is also 
assumed that imterest on capital invest 
ment may be neglected (though in the 
equations this can readily be taken into 
account). The equivalent return, as 
used here, is based on capital invested 
in equipment, not investment plus work 
ing capital, and is considered as being 
received annually over the entire period 
from the start of construction until the 
venture is closed out. Tax rate is taken 
at 38%, the Federal corporation income 
rate applying to incomes more than 
$50,000 per year. With these assump- 
tions the net profit P may be calculated. 
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The taxable income will be (R — 0.17). 
The tax is then 0.38 — 0.17). Thus, 


P= R-01/—-0.38 (R—-O17) 


P = 062 R — 00621 (1) 


and the annual rate of return on invest- 
ment expressed as a per cent is as fol- 
lows 


100 (2) 
where 


1 = capital investment in a _ ven- 
ture, $ 
= gross yearly earnings from a 
venture before deducting in- 
come tax and depreciation, $ 
( = sales realization less raw 
materials operating 
costs, maintenance costs, in 
surance, social security and 
unemployment taxes, etc., 
but before deducting income 
tax and depreciation ) 


costs, 


The important distinction to be drawn 
between a projected income statement 
derived from an engineering study 
and one from an actual business 
is the fact that in the former case a 
greater risk is involved. To be compar- 
able, therefore, the return indicated in 
Equation (1) for a proposed venture 
must be modified to allow for the possi- 
bility of failure and the effect of this 
eventuality on the company or individual 
investing the capital. A going concern 
will have its funds all invested in a 
number of ways at returns commen 
surate with the risks involved, and when 
a new proposition involving a given risk 
is considered, the currently obtained 
base return will be the prerequisite for 
further consideration. Maximum profit 
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the «x 


will 


invested af 


result to the extent 


this 


that 


viel] a 


risk can 


higher return. If more than 


new proposition imvolwed. the 


ne returning the maxunum additional 

money ahowe the hase return tor each 
he the one selected 

The mu acceptable base return 

may be designated a P’, and the corre 


The 


ponding sdditional 


rate as fy, 


protit, which is the motivating torce at 
lracting venture capital to new enter 
prises may he designated as “wenture 
promt to «listingursh pr hit nor 

illy expected in the conduct of 


Venture profit, will then be 
expressed as tollow 
/ / 
(3 
In evaluation few propect thre 
nowing the highest venture profit w 


host attractive 


Vote that the use of this method i 


valent to comparing the rate of re 


rementa nvestment tor 


mvolve 


proposals «ifferent 


estment tart the ime risk Phe last 


mecrement of capital be 


= 


mivestedd will re turn at a rate equivalent 
and will correspond to the pomt 
maximum venture protit. If a num 
of alternate mvolved, the direct 
Bralculation of venture profit more 
Ronvenient the propositior involve 
erent risks so that p, different for 


“ proposal, the neremental meth! 


Bannot be readily used. but the 
fit method still able 


Other Methods 


that the ver 


venture 


i tree trom the disadvantage 
the met nm current tse one 

these technic will he cor leres ind 
compared with the venture profit method 
te how why ‘ 


Fquation «2 hirectly ther ti 

paring the amounts of return above a 
pecthed acceptable ate \ 
miple it +) metho 


ciation, hie of plant and taxes. It is 
obvious that Equations (2) and (4) are 
related to each other Thus 


of 17 vears 


chrectly 
return, pf. of is equivalent to a 


payout time, 7 


0.62 
or m getierai j f 
+ 0.062 
low 
using the assumptions made im deriving 


Equation (2 


The objection to using Equations (2 
r (4) directly m comparing projects 
r changes being equal, they 


that i large investment at 


ve rate of return 1 more 
‘ ina smaller one at the sar 
! iy to show this is the “cash 
position method This mvolve tabula 
thon of the net merease in total asset< 
resulting from a given number of vears 
operation Thus the profits remaim 
itter neome tax deducted are 
first used to retire the original imvest 


ent and thereatter accumulate as a 


reserve (it is isumed that no 
nterest accumulates on such a reserve 
In tl case the base for return is the 
ame as m Equation (2) except that 
depreciation (0.1 J) is not deducted 


trom the gross 


proht because Ca 


h | 
allows tor retirement of 


number of vears 


thon chrectls 


investment letting equal the 


operation, the cash 


(0.62 + 0.038] 145 
The above formula will. of course apply 
nly cur ny lU-vear period when 
the nvestment is bhemg depreciated 


ereatter the 0.038 / should be omitted 


method has tl 
wivantage 


ifge investment, even at a 


W rate ot return, will show a substan 


thal merease m total assets over 


time 

Use of the venture profitability 
methal combines the desirable features 
t both the rate of return (or payout 
ethad and the cash position method 
It gives due weight to the fact that a 
heh rate of retur desirable but that 
the larger the investment based on w 

ts taken, the more attractive a pr ye 
thon w be It require use Of one 
item of miformatiun imely 
the minimum percentage retu nece 
irv tor the risk mvolwed (or alter 
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TABLE 1 MINIMUM ACCEPTABLE NET 
PROFIT * ON INVESTMENT IN THE 
CHEMICAI PROCESS INDUSTRIES 
RELATED TO DEGREE OF KISK UNDER 
TAKEN? 
Average Minimom 
Acceptable Net 
Profit 
Per Cent. for 
Low High 
Risk Kisk 
Industrial chemival 27 
Petroleum 
Pulp and peper 11 
and pharmaceuticals 
Metals and metallurgy 15 
Paints, varnishes « le 
que ! ? 
mentat preduct 
Ir a rdance “ ounting 
ractice net profi n 
ature 
dienera ons nd and the ave 
balit fw apita at d are 
my t fact ar <a ' moe 
t et prefit figure 
lable 1 madiecates t range of accept 
ible retur rates tor several process u 
dustries, based on the same assumption 
used in loping quation | 2 The 
higher Va ties lor acc eptable rate ot re 


turn (corresponding to lower values for 


acceptable payout time) will ip 


the case of new, untried ventures 


extrapolation to plant scale is 
urket is 
values 


ere the uncertam (on 


versely, the lower tor acceptable 


rate of return will apply in the case of 


established business propositions al 


ready on a commercial scale 


These figures, which include allow 


ince tor the present high tax rates, com 


pare tavor ibly with those suggested by 
Redman «3 20) vears wo. namely 5° 
per vear on a conservative mvestment 
1242) per year for competitive indus 


try, and 33°. per vear in m 


ventures of the 


neompeti 
result 


conclusion 


which 
The 


tive 
trom screntifie researc! 


that risks are 


and 


much the now as 


that to attract venture capital 


same net remuneratior itter 


taxes must he possible 


If it os desired to use the simpler pay 


cut time Instead of Py, it is impor 


tant to realize that im 


changing tax picture 


recent vears the 


has caused a down 


ward revision of the acceptable payout 
thine Values for acceptable payout 
times can be computed from values of 
ar listed in Table 1 Ihe ippropriate 


venture profit involving T, 


is tollows 


Equations (3 


venture profit: could 


At 

on 
where 
and 
t 

constitutes mear i stabli« 

today the 

(me procedure often use nvolwes 
a effect, a chrect comparison between rate 
of eters the neg 

+ 

‘ 

the tome required for er: 

vearly earnings to equal the invest Inspectio 

estmes Determination of Risk — ane 

ow that equal! 
Ae , Determination of the risk imvolved it vell be defined without the tax iten 

b given enterprise is largely a matter of provided the same basis is used for bot! 
mised on pa experrence \r the acceptable and proposed 

= he Te ‘ ut tw 
rie eat pproximate guide along thes« me new mvestment lax is included in thi 

This tormula nee it given m the followme tabl on a m to emphasize its present in 
Ms estimating su te ecent survey (/ ortance 
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Plant Design 


In making a detailed design of the 


various Component parts of 


the engineer often has a choice of alter 


plants 


natives for specified duties. Sometimes 


these alternatives involve a wide and 


practically continuous range of possi 
bilities and the optimum conditions can 
be arrived at most readily by a mathe 


matical approach. The same general 


principles apply as previously described 
amely that the venture profit should 
be a maximum 

Thus 


is follow 


venture protit may be expressed 


fiabx 


vhere a, b. « mw are all the var 
iables 
thon of pront 


tion otf 


determina 
Then partial differentia 

pront 
each of the variables involved 


which enter imto the 


venture with respect to 
ind set 
ting of the partial derivatives equal to 
ero will result in » simultaneous equa 


thoms 


on 


solving these equations will give values 
the pro 
mt (0) be applied 


n variables which maximize 
This 


graphically or analytically 


method may 


In practical applications, the analyt: 


al or algebraic formulation is most 
siten used in cases where profit or 
related to protit 


pressed under given conditions im terms 


variable can be ex 
Thus, considering 
letting Me, 
uppose that gross carnings may be con 


ot variable 


Equation (3) and 
vemently expressed as a tunction of m 


vestment alone Then by differentiation 
of with 


esult. 


respect to / the following 


dV 
dl 


o2 


tting dl 


dl equal to zero, dR /dl 
That is, the 
earnings realized per dollar increase in 
investment must be equal to SO.584. Ii 


increased “Toss 


t were more convement to use one of 


the operating variables as the 


mstead of 


indepen 


lent variable 


ak 
U.62 


0.584, 
la) represents conditvon 


gross carmings wil 


‘ pt 


the ric 


varges which are directly proportional 


he mvestment h as mamtenance 
} 


im may 


more convenient to break gross ecarn- 
ings, X, down into operating earnings 0, 
and the fixed charges proportional to 
investment i/ (but not including depre- 
which is already included in 
If this is done Equation 


cation 
Equation (3) ) 


(9) becomes 


062 ( ) — 0.362 


da da da da 


(10) 


TABLE 2 


estment sil 
tiross earnings 
Net profit, 
time, yr 
Return, % Pp) 
«ition after 10 years. 
profit, 
Incremental investment, 
Incremental profit, 8(AP) 


Incremental prefit rate, G (Bq 2) 


Payout 


Cash po Sic) (Bq. 5) 
Venture 


und for the optimum condition, d0/da 
(i + O0.584)dl /da 
Equation (10) is simply a typical ex 
unple of the type equation employed 


ud different similar forms could be 


used im practice. Thus, allowable depre 
ciation rates for tax and bookkeeping 
purposes «might both be different from 
the 106, 


return on investment might not be 30°; 


employed and the appropriate 


Also. both the operating profit, 0. and 


the investment, /, might consist of a 


number of independent terms and there 


might be more than one independent 


operating variable, @, employed. In 


some cases optimum conditions would 


not involve any change in investment, 
thus resulting im considerable simplifica 
tion (3). Again a fixed sales price may 
be assumed for the product or products 
made and then the minimum cost oper 
ition will result in the maximem ven 
invest 
The for 


mulas might also be expanded to take 


ture profit (assuming also no 


ment change is involved) 


into consideration imterest on invest 
ment and method of disposing of the 
profit (using compound interest rates if 
desirable.) None of 


alters the 


these variations, 


however basic considerations 


outlined 


Examples of Application 


The following example illustrates 


how the above formulas may be applied 
to a trom several alter 


choice among 


natives 


Example 1. Management has decided 
wicrease production and has asked its engi 
neering department to survey the 

lternatives The tollowing 
I de veloped The re are 
additional tacilities to the pre 

sent equipment at an investment of $200,000 
viich would return a profit of 


ssibk 
intormatian 
as three 


chowes (a) 


gross 
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$214,000 per year; (b) a new progess 
which involves, to some extent, use 
»f existing facilities at a new investment of 
$600,000 which would retura a gross promt 
of $543,000 per year; (c) complete new 
facilities at a cost of $1,000,000 which 
would return a gross profit of $745,000 per 
year on this investment. The risk and capi 
tal availability is such that the management 
feels that a 30% return on capital fs, after 
taxes and depreciation t% a tar return 
Which alternative should be selected 

The following table 
calculations using the above 


gives the results of 
formulas 


OVER-ALL PROJECT SELECTION 


i 

600,000 1,000,000 
543,000 
120,00 300,000 

0.93 1.10 

60 50 
200,000 800.000 
60,000 120,000 
400 000 400,000 
179,000 100,000 

45 


200,001 
214,000 


4,000,000 
100,000 


Thus, while alternate / shows the lowest 
payout time and highest return on the im 
vestment and alternate ///] shows the best 
cash position, it is apparent that alternate 
// will be the best choice because tt shows 
the largest venture profit. Note that if re 
turn on incremental investment ts em 
ployed, alternative // will also be selected 


The tollowing examples will illustrate 
the method as applied to plant design 
and indicate the differences m= pro 
cedure from those sometimes emploved 
in making calculations of this type 

Example 2. A boiler house consists of > 
coal-fired boilers, each with a nominal rat 
ing of 300 boiler horsepower. Ii econom 
ically justified, each boiler can be operated 
at a rating of 350% of the nominal. Due t 
the growth of manufacturing facilities, it 
necessary to install additional boilers. Fron 
the data below, determine the per cent of 
nominal rating at which the boilers should 
he oper ited 

Data—Cost of fuel, including 
handling and removing cinders, ts $7/ton 
and the coal has a heating value of 14,000 
B.t.u/lb The over-all efficiency of th 
boilers, trom coal to steam, has been deter 
nuned from tests of the present botlers 
operated at various ratings 


cost of 


Nominal Therma! 
Kating Efficiency 


Annual fixed charges ys on each boiler are 
given by the equation 


<= 14,000 + O.O4N 


\ssume &,550 hr, of operation per 
The above example is exactly given by 
McAdams (7). To apply the methods pre 
sented here the following additional data 
are required. The equivalent capital for in 
stallation of boiler capacity will lx 
spproximately $6/(1b.) Chr.) of steam gen 
erated. All direct operating costs for stean 
generation with new facilities will be about 
$).30/M Ib. of steam. Since steam 
wired tk a vwumber of operations 


year 


new 
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Alternatives 
n) (7) < 
. 
| 
al al al 
al 
a 
| 
| 
75 
150 
200 
250 69 
276 65 
dl il 
0.362 (9 
da la fa 
ind 
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typecal process plant, there is less risk m 
volved m investments im boilers. However 
there must be some incentive in addition t& 
the bare charge assured 
justify spending money ot 


depreciation 
here at 10%) t 
widiticnal boiler capacity Assure 
10% prott will be the minimu 
tory 


that a 


F rst 
steam at 
ll be attractive 


Nulion 


value of 


compute the margin 
wihech few wivestment 
that the 


the venture profit will be zer: 


value at whoiect 


O62) 


mi therefore 
02)! 


(0.261) (6) (1000) 


0184 $/M 


stean 


earnings Theretore 


0.48 $/M marginal valu 


~ecomily, compare this figure with the cost 

ition in the old equipment Assure 

1 hitler hp ot steam 

i /he Optimum operation 
al re t when the out-of pocket cost for 

fuel te prealuce imeremental 

/M Ib 


steam eypuals 


hourly cost of at $7 
#0) N /100) (33,50 
(£:/100) (14,000 (2,000 ) 


LM 
j 


hourly fixed charges 

14.000 + OO4N") 
8550 

S18 + O@0000234\" 


the meremental and 
sts of prodmcing stean 


TABLE 


«ne 


ibeve table the optumum rating 


ft nominal rating ool 


its be compared with the solution 
given by McAdams. colurnm 8). whete it 
ts assumed that the eptrmam will he giver 
by the comdition correspendme to minimum 
tial cost tue hits fixed charges 
W hile gure of 200% is tar differ 
ent, it w be apprectated that b 
the basic assumptions 


new iistal 


varying 
regarding cost of the 
ditterent 
agree with the 

would he me 


widely results 
tamed To 


here it 


could be 


method proposed 


Cessary tor the “fixed charge 
item t 


necessary to assume that th 


specihed t 
would be 
posed new 

steam at 
ludmg profit 


a profit 


boiler unstallateon would 
substantially the same cos 
allowance wi the 
the existing mstallatior 


t 
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equation 


the 
duty will 


and is the 


differentiation of a relationshiz 
total cost m terms of pipe 


could 


EVALI 


re 


3. It is desired to develop an 
for selection of pipe on an eco- 
normcal basis so that the total annual cost 
fluid-handling system for a given 
amimmum. To illustrate the 
ming the data below 
the optimum pipe diameter for conveying 
water at 2° ©. at the rate of 75,000 tb. /he 
ts problem has been considere 


method calculate alse 


Lata 
(eenereaux (2) whe 


i 
il 


gives al over-a 


equation tor the optimum as follows 


of 0.0232Y K 


the optumum diameter. 

weight rate i flow, thousands of 
pours per hour 1s Viscosity 


centipoises 
¢ densit pouml per loot 


hours of operation per year; A is cost of 


clectrical energy, dollars per kilowatt hour ; 


tractional (i.e., 0.10 for 

iractional; F is a 
fittings and erection; NX is the 

me-inch pype per foot of length, $ 

over-all efficiency of pump and 

fractional 

(senereaux arrived at this expression by 


amortization 
10% Is Maimtenance 


factor 


moter 


expressing 
diameter, wit! 
respect to pipe diameter and setting the de 
rivative equal to zer He simplified the 


general expression still further by using ar 


average of 2.2 tor the 


the 


fixed cost” portior 


expression and assuming that 7°” 
be taken as unity for all practical! 
purposes. This results in the following ex 
pression 


a 


Ds 2.2m 

To apply this equation to the method out 
lined in this paper, it will be 
this is 


assumed that 
plant m 
Ustiher 
return on mvestment can be 
alter taxes and depreciation 


part of a 
which mvestment of money is not 
unless a JS 


process 


realized 


wn. In addition to the item & im the 
equation 
an item tor profit 


representing mamtenance 
oft 0.584 will be added m 


ATION OF OOST 

Avg Cost Increase 

for Steam 


Ss am 
Gries 
S br 9) 


accerdance with Equation (10). Thus if 
Genereaux's assumption ts taleen that items 
a and ©} are 0.10 and 006 respectively 
OS84 +: 0.644 will be used instead of 
0.16 fer the term (a4 6 Consequently 
the simplified equation will be 


ry 
dD, 177 ** /¢ 


or a 75,000 lb/hr. rate of water 
(1.77) (6.92 
(3.08) 
This compares with Genereaux's figure of 
4.1 mm. ebtained when the problem is solved 
on the assumption that the piping should bk 


sized to operate at minimum 
than an appropriate profit 


cost rathe 


In many chemnuecal processes 
quantities ar 


Example 4 


heat used in large 
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only a small portion is actually used in the 
reactions involved, much of this heat may 
be recovered by means of heat exchangers 
The following example illustrates applica 
tion of the equations developed above t 
this type of problen 

It is desired to 
temperature approach 
trom a turnace and a waste 
covermg heat fron 

Data.—It will be assumed that sufficiem: 
draft is that no additiona 
blower or stack is required, that the equip 
operate 8400 hr/calendar year 
and that steam will be generated at 100 Ib 
gage pressure 

Incremental waste heat boiler surface is 
worth $3.00/sq.it. installed and an over-al 
oefherent of 5 B.t.u./(hr.) ( sq.ft.) (* F.) is 
obtamable. The estimated value of stean 
is $0.48/M Ib. For 100 Ib. steam witl 
90° I B.t.u./lb. of steam gener 
ated will equal 1,133 


determine the optimun 
between flue gase- 
heat boiler re 
these gases 


available so 


ment will 


teed, the 


The management is not interested in in 
vesting moncy in equipment of this type at 
In addition 
manuitenance and other fixed charges wil 
on the 


more than a three-year payout 


amount to 6% mvestment 


Solution. Ii heat 
boiler surtace 
@, an equatwr 
may be obtained as follows from Equatios 
(0), 


di 1 dl ) 
0.62 
da i, da 


using ar 


feet of 
ms designated as the 


waste 
variable 


square 


analogous to Equation (10 


and tor the 
hourly 


optimum condition 


hasis 


words, the savings made on the 
toot of 
face installed must equal total charges at a 
rate of (0.06 + 0.333) /8400 468 « 10 
hr. on the cost of the last <quare 
tramsterred px 


In other 


last square waste heat botler sur 


toot 
Since hour per 


puare 


heat 
foot 


the savings on the last square foot will be 


O48 
1000 11348 
22 10 *At $/ Chr.) (sq.ft) 


W ith 


the charges are 


meremental surface at $3.00/sq it 


468 10° 


}(sqtt.) 


Equating these incremental charges, it is 
tound that A 66 

Usually problems of this type are more 
cemplicated involving costs for fluid pump 
ing and countercurrent flew of fluids whict 
hange in temperature. It is 
of the media ts at constant temperature of 
for paralle! flow heat exchange that it can 
be assumed final square 
toot exchanges heat at the outlet temper-, 
reterences as 
consider these 
details for the 
incor 


only when one 


as above, that the 


difierence Such 

handbook (4) 
cases, but do not gtve 
should be 
poration of a profit item into the 
The equations developed here may 


ature 

Perry « 
methods which used for 
balance 


be readily apphed 
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) 
Pg 
C. af 7 
dO /da di 
Table 3 
average 
= 
' 
Total increase 
M ib hr M ib he 
75 40 13.0 293 a7 0 36 
2 1168 13.0 392 ‘4 446 042 7 
1296 13 465 ‘6 61 7.5 0.57 
1438 i3 0 53.2 632 7.3 
vo 61 1655 13.0 ills 72.1 oar a9 
will be at 225-250% 


It is apparent that designing plants in 
which the methods developed above are 
used will be equivalent to specifying 


that the last increment of investment 
shall yield some predetermined satisfac- 
tory return. What constitutes a satis- 
factory rate of return depends on a 
number of factors such as risk and 
availability of capital. Whether the se- 
lected return rate is determined by an 
engineering department or the manage 
such a figure must be available to 
the designing engineer if he is to arrive 
at a selection of sizes and conditions 
which will constitute an optimum 

In design calculations care must be 
exercised to make due allowance for 
items other than rated plant capacity, 
such as flexibility and safety. Equip- 
ment designed on the above basis may 
often be found to have less overload 
capacity than that in which auxiliaries 
are selected on a minimum cost basis. 
However, it is believed that if overload 
capacity is desirable, it should be incor- 
porated as a part of the original design 
specifications. The same considerations 
apply im the case of safety factors 
Extra corrosion allowances, spare 
pumps, etc., can be specified in the de- 
sign with due regard for the risk in- 
volved in physical failure and the effect 
of such failure on profit 


ment 


Thus, while in the past, values and 
taxes were more stable than at present, 
it is now found that customary methods 
for judging the attractiveness of new 
ventures otten require some revision to 
keep up with the changing economic 
picture. It is hoped that the method 
presented here will be a step in the di- 
rection of a more flexible viewpoint in 
the selection and design of such process 
equipment 


Notation 
(Note the nomenclature used only in 
specific problems is not represented 
here.) 
abc..." = variables in the profit 


equation (see Eq.(7)) 
© = cash position, increase in 
company assets after y 
years of operation of 
venture(see Eq.(5)),$ 
1 = investment in a venture, $ 


+= fixed charges propor- 
tional to investment 
which enter into the 


gTOss earnings, such as 
maintenance (but not 
including deprecia- 


tion), expressed as 
fraction 

O = operating carnings = K 
gross earnings 
before deduction of 


charges which are di- 

rectly proportional to 

investment, $/year 

P = net profit from a venture 
after all deductions for 
taxes and depreciation, 
$/year 

pf = net rate of profit on in- 
vestment, expressed as 
per cent/year 

fe minimum acceptable net 
profit on imvestment 
from a risk venture, 
expressed as per cent 
year 

R = gross earnings from a 

venture, $; sales reali 

zation less raw mater 


tals costs, operating 


costs, maintenance 
costs, insurance, social 
security, unemploy 
ment taxes, etc., but 
before deducting in 
come tax and depre 
ciation 

7 payout time, by 
usual definition, years 

T, = maximum acceptable pay 
out time on investment 
for risk ventures, 
years 

I” = venture profit (see Eq 
(3)), $/year 

) time of operation 


computing cash posi 


thon, vears 
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Discussion 
Sidney Lee (Dallas Associated La- 
boratories, Dallas, Tex.): It seems 
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that the rate of return on investment 1s 
evaluated without taking into considera 
tion the factor of time. In other words, 
a dollar return obtained three, four and 
five vears from now is considered more 
or less equivalent to a dollar return 
the first year so that percentage return 
of 25% by 10 or 15 years from now is 
considered in the same general light a» 
the equivalent percentage return in the 
first vear. Also, in many venture fields 
the dollar return will vary year to year 
and what should be considered is the 
present value of the future dollar of 
return. For example, a petroleum com 
pany engaged in marketing might con 
struct a service station in an area, the 
population of which was going to e¥- 
pand so, with some degree of accuracy 
or at least with some hope of accuracy 
it would calculate the gross profit and 
the gross income which would change 
from year to year and have a graph to 
that effect; so also might a person put 
ting in a retail store or a theatre or 
perhaps a pipeline which wasn't at ca 
pacity af initial construction. This fac 
tor is probably most important im crude 
oil production when you know your pro 
fourth and 
from the 


duction in the second, third 
fifth vear will be different 
first. Have you considered the present 
value of the future dollar and worked 
out a program whereby vou could, using 
all those additional factors, come out 
with a rate of return? 
ventured 


For example, if 
a company $1,000,000 in a 
project taking all those factors mto a 

count, you might sav that his net returw 
would be 3% or 8% or 4% on a long- 
range period of time by using the com- 
and then he could 
investing 


pound interest table 
contrast the possibilities of 
this money in this plant or putting it to 
some other use, such as retiring a pre- 
ferred stock or retiring bonds or invest 
ing in a nonmanufacturing operation ? 

John Happel: Two simplifying a 
sumptions have been made in the devel 
opment of the formulas presented her: 
as regards the time element. First, it is 
assumed that the entire return will be 
withdrawn immediately as it accrues, 
rather than being reinvested at com- 
pound interest. Secondly, it is assumed 
that the rate of return will remain con 
stant over the entire period of the ven 
ture. By modifying these assumptions 
a more complicated but more accurate 
form could be obtained which as you 
suggest might be more useful for cer- 
tain purposes 

Compound interest is important in 
any long-time proposition where a rela 
tively low rate of return is obtained 
with a high degree of certainty. This is 
the case with savings bank deposits and 
insurance payments. In ventures where 
a high rate of return over a short time 
is necessary because of the high risk 
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involved, it is often not worth while to 
introduce the additional complication of 
compound interest 

Regarding the second assumption, if 
the future can be accurately predicted 
it will be possible to calculate readily 
the return over a period of time using 
‘ppropriate rates of return which vary 
with time, and if desired also include 
illowance for reinvestment of any por 
thon of the return at compound interest 
Qualitatively, it is certainly true that 
earnings in many cases will vary with 
time. For example, it often takes a 
number of years for a proposition to be 
developed from the research stage to a 
jull-seale profitable commercial venture 
\gain, even when capital is invested in 
& proposition of proved value, it will 
take a period of time to erect a plant 
am! get it operating smoothly, during 
which time no return is being realized 

The accurate prechetion ot rates ot 
return over a period of time is more 
vwult than their qualitative apprecia 
. In some which you have 
cribed accurate prediction of future 


CASE» 


urn is possible and, of course, should 
mn be taken into consideration 
In other cases, prediction is more 


cult, For example, I have recently 


mn mterested in the economics of 
y! alcohol manufacture from ethyl 

The alcohol has fallen 
rply during the past year in a way 
t would be difficult to predict quanti 
ively and this circumstance naturally 
a marked effeet on the economics of 
ohol production 


Sidney Lee: In certain venture pos 


price ot 


it is obvious that the future 
t be taken into consideration. If 
1 are developing an oilfield and 
rting trom the day vou are drilling 


p well, you have a program for future 
ling and production. In other 
es where changes in prices, etc., are 
predictable, these can be included a 
rameters in a suitable 
Frank J. Smith = ( Pan-American 
Chemical Co... New York, N. Y.): | 
think | have a serious objection to the 
figure showing payout data 


ven 


chart 


You have 


divided your investment costs by indi 
cated gross profits in order to obtain 
payout time. You have failed to con 


sider taxes as an operating cost and it 
you had deducted taxes so as to 
you a net profit 
mvestment cost by the net profit to ob 
tam a 


leave 


aml had civuled the 


payout you would have obtaimed 


wm onentation between cases 1, 2 and 3 


which is different trom the rientat 

you have shown in the paper. It inter 
esting to note that this revised onrenta 
toon would have agreed with that ob 
tained as a result ur 


methad of 


‘ ng pas 


John Happel: 


t 
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such still do not 
make allowance for a minimum accept- 


taxes, but variations 
able profit on investment 
Raphael Katzen (Vulcan Copper & 
Supply Co., Cincinnati, Ohio): Dr 
Happel’s emphasis on the effect of taxes 
ind depreciation on net profit and payoff 
commendable and the tact is empha 
that these affect 
many projects 


sized COsts udversely 


However, I believe there 
are certain projects in which these cur 
rent factors are actually an aid. I would 


like Dr 


on waste disposal units where there are 


Happel’s comments particularly 


no operating profits to balance against 


investment, and where the operating 


costs have to be minimized as a result 
There is a possibility that you can apply 
operating costs of waste disposal units 
where there ts no credit against operat 
ing costs of the 


thereby 


complete plant and 


reduce your present 


Do you think the formula could be ap 


taxation 
plied in reverse, crediting tax savings * 
John Happel: \. 


waste disposal operations would be con 


you pomt cout 


ducted only in conjunction with other 


uperations which are profitable any 


commercial venture An over-all 
greater profit would be the only eco 
justification for more expensive 
waste chisposal equipment and it seems 


to me that this additional expense would 


be evaluated in the same way as any 


other incremental equipment investment 
I do net beheve that lngher taxes would 
have any effect other than to discourage 
venture capital 


nvestment including 


that mvested mm all necessary auxiliuries 
such as waste disposal tacilities 


Anonymous: Where, in these equa- 


tions, does the cost to the company of 
using its own money appear? It we 
were going to float a stock issue the 
cost of this money would certainly be 
different trom a bond issue or deben 
ture 

John Happel: The accept 
ible return on anv mvestment mvolve 


both rok and 


management, tor anv given 


items of availability of 


upital. The 


proposition, will have to get additional 


capital im some way which wall vary ce 


pemding on the financial structure and 


policy of the company. | am assuming 
that the management, tor anv particular 


proposition aml at a given tume wall have 
n mim! the risk mvolwed and wall 
ible to state that the proposition whicl 
n engineer usked to evaluate wall not 
be attractive to it below a certam thgure 


No attempt ts made here to analyse how 


that fieure ps arrived at by management 
Anonymous: Could you have 


cate et 


a dup! 
curves; one tor stocks and 
ne tor bonds 

John Happel: Such a scheme could 
thomk 


developed i capable accour 


able to accomplish much along the lines 
you suggest. 

Ovid Baker ( Magnolia 
Co., Dallas, Tex.) 
proach to design is a desirable one How 
there is another economic angle to 
it. Let us assume that a chemical engi- 
peer designs a plant in the ordinary fash 
ion, without making these economic bal 


Petroleum 
This economic ap 


everT 


ances on all the heat exchangers, insula- 
tion, ete., and the plant looks good to 
make $1,000 per day profit. It may take 
him three weeks to go back and calculate 
all these this 
plant. This may delay the plant start-up 
three weeks and cost $21,000 profit. Ii 
the probable exceed 
$21,110 there is no payout in making the 


economic balances for 


savings do not 


detailed economic analysis 
John Happel: engi 


neering calculations whether on design 


Time spent in 
or economics will involve a delay in the 
date of plant operation and realization 
Certainly need 
calculations is not 


of the profit expected 


less refinement im 


However, often engmeering 


design calculations are far more compli 


cated than those proposed here. For in 


stance, | have seen calculations that 
take a week for determination of the 
number of trays m a_ single bubble 


I have talked 
won't take more than a 


Most calculations 
ibout here 


tower 
tew 
hours to do. The determination of opt: 
mum heat exchanger capacity and msu 
thickness 
usually require a great amount of time 

Paul R. Schultz (Stanolind Oil and 
Tulsa, Okla.) : We have found 
it necessary to compute the net prone 
payotl of a proposed plant on a 
year-by-year basis. This is due to three 
variations im yearly pro- 
vaniations 


lation ior example, does not 


Co, 
and 


tactors, viz 


chuction forecast prices 


und the effect of paying income taxes m 


the succeeding vear. Since we always 


determine payotts alter mecome taxes 


this last tactor cannot he overlooked 


even m an ideal case of constant pro 


duction and price. Further, when you 


do not have the ideal case of constant 


teel that it is 


another 


production and price, we 
have of 


evaluation. We use the 


necessary to 
ratw Of net 
protit, for the total plant lite, 
With 
plants can be easily compared. 

John Happel: Use of forms of pay- 


out tume and cash position together as 


to invest 


ment cost these two indexes 


vou suggest rather than employing 


either one alone as an mdex has advan 


tages. The only 


two 


difficulty in employing 


ndexes is to decide what relative 


weight to give each one 


importance of 


m arriving at a dectsiot The method 


proposed im this paper ts a way of com- 


these concepts nt index 
(Presented at Ele Requnal 
“wag 1, Okla 


March, 1950 


- 
re 
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| 
| 
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FIRST INSTITUTE LECTURE 


Last year at Pittsburgh members of the A.I.Ch.E. heard William H. McAdams, professor of 
chemical engineering at Massachusetts Institute of Technology give the First Institute Lecture. 


This distinguished educator instituted the first of this annual series of reviews in unit oper- 
ations with a panoramic view of Heat Transfer. Chemical Engineering Progress is proud to 
publish here the full text of this talk which covers the fundamentals of the several types of 


To mechanism of heat transter by 
steady unidirectional conduction is 
given by the simple relation of Fourier 
(37) proposed in 1822 


% = —kA — (1) 


where 


dy 1S the rate ot heat conduction along 
the x-axis, 4 ts the cross section ot 
the path, normal to the x-axis 
dt/dx is the temperature gradient 
along the path, 

k ts the thermal conductivity, a phys 
cal property of the substance 


This equation is well established tor 
conduction in homogeneous isotropic 
solids, and practical application of the 
equation to various problems requires 
(a) laboratory measurement of thermal 
conductivity of a representative speci 
men, (6) solution of the equation for 
the particular geometric and boundary 


conditions 


Steady Conduction. For many com- 


plex shapes encountered with steady 


flow in tinned (extended) he iting sur 
faces, Gaardner (38) gives analvtical 
solutions in both algebraic and graphical 
form. More complex cases, as with two 


dimensional conduction, can be solved 


by the mapping method of Lehman: 


heat transfer, summarizes recent developments, and outlines needs for further work 


HEAT TRANSFER 


WILLIAM H. McADAMS 


Massachusetts Institute of Technology, Cambridge, Massachusetts 


(34, 2), wherem isotherms and adia 
batics intersect to form curvilinear 
squares. Alternatively, the relaxation 
procedure of Emmons (317, 28a, 80) 
may be used. Unusually complex case- 
can be solved experimentally by means 
ot one of several types o1 electrical 
uvxlels; a good review of these is given 
by Jakob (49). The membrane analogy 
or soap-flm technique (98) is also 
available. 


For transient 
problems. where the temperature varies 


Transient Conduction 


with both location and time, analytical 
solutions are available in both algebraix 
graphical forms for restricted 
number of 


books (5, 13, 48 49) devotes many 


boundary conditions \ 
pages to the mathematics of heat con 
duction. More complex and less re 
stricted cases can be solved by the nu 
merical methods of Dusinberre (28 
28a), which cleverly substitute arith 
metical operations for the calculus. Al 
though these are approximation meth 
ods, by permitting the removal of false 
restrictive assumptions, they can lead to 
answers than the so 
called exact. analytical procedures. For 


more accurate 


a problem which can be solved by both 
methods, these numerical methods give 
good agreement with the 
methords 


analytical 
The electrical analogy method 


has numerous applications (3, 5, 43, 84 
86 It has recently been found (10 
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that the heating of granular settled 
solids, while flowing downward through 
a vertical heated tube, can be predicted 
by the theoretical equation for rod-like 
flow, upon assuming that the heat 1s 
transferred only by radial conduction 
this is the same equation as derived 
I8R3 by Graetz (47, 24) 

Thermal Conductinity of Gases. Re 
cent measurements (5Ja) of the thermal! 
conductivities of steam (up to 150 atn 
aml 660 are 
than the Russian data previously avatl 


considerably lowe 


able. and values of & for air and engine 
exhaust gas have been measured (7) 
up to 9OO 

In résumé, since the mathematics ot 
understood, 
problems in conduction in homogeneous 


heat conduction is well 


solids may be solved by existing tech 
xperimental work 
should involve measurement of physical 


niques Future 


properties of present materials over 
wider ranges of conditions, and of new 
materials which will be developed 
the future. It will be necessary to devise 
methods of measuring thermal conduc 
tivities at temperatures up to 5000° I 
Additional work is needed on the ther 
ma! conductivities of solids, gases and 
liquids. Further study of the mechan- 
ism of heat transfer in porous solids 
seenis warranted, because of the interna 
transier by conduction, radiation and 
convection 


(4 
| 
aa 4 
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ai 


Thermal Radiation 


The basic equation for total thermal 
rathation from the ( the 
black body 
ally by 


ideal radiator 
was «liscovered empiric 
(96) im 1879 and 


Boltzmann 


was 


derived theoretically by (9) 


in 


q, 17 
where 


q, is the rate of heat transfer by rad 
jation, from one side of the “black 

suriace of area 4 

is the absolute temperature of the 

surface, and 


ws the Stefan-Boltzmann constant 


The situation turther clarified im 
1900 when Planck (87) proposed the re 
lation monochromatic im 
tensity Wy, and the wavelength A of 
the radiation 


Stefan-Boltzmann 


was 
between the 


integration of which gave 
Aw { ky 2) 
« cosine law is also well established 
© black suriaces, and 

direct exchange between 
lies give relations of the form 


integrations ot 
black 


dweet 
(3) 


¢ purely geometrical tactor / is a 


assure of how well one surface 


and values of F are 
uations and charts 


sees 
other given by 
(45) im terms of 
appropriate dimensionless 


hameter 


ratios 
parallel 


over clearance for 
yposed squares ) 

Ina comple te enclosure, the net radia 
m consists of the direct radiation trom 
urce to sink, plus the 


m (from the source to 


imbrect racha 
whabatic re 


The 
total 


actory, and thence to the sink) 
rresponding equation for the 
ciation in the all-black system is 


(4) 


The factor /’,, ts available tor a num 
ber of geometrical arrat 
tsually exceeds / \ 
that the 
surface 


and 
relation is 
scum of all / tactors, for 
equals | 


usetul 
each 


flat or 
not see themselves 
and Fo. are zero 
With 
the net radiation is 


Obviously 


grey surtaces have 
than black 


with black 


less 


bodies and can be estimated by simple 
equations developed by Hottel (45) : 


te 


Evaluation of the 
ferred m a 


total heat trans 


combustion chamber con 
taining heat-recerving surfaces is difh 
cult, since it involves heat transfer by 
convection trom gases to surtaces, 
and radia 


poly Atom 


radiation between surfaces 


thon trom certam gases 


(such as water vapor and carbon diox 
and the 


In résumé, the 


ile surtaces 

transfer of heat by 
radiation between surfaces in transpar 
mathematical 
In the combustion of 


ent media is on a sound 


hasis fuels with 
preheated air in industrial furnaces at 
high various 


compounds (OH 


temperatures chemical 
CO aml NO) of un 
known radiatine characteristics 
(40) reaction rates and 
nature of the products depend on flame 
temperature, and tempera 
ture is dependent on heat transfer, fur 
ther imperative 
data for steam 
limited to low pressures 
und the effect of high pressure 


are 


tormed Since 


since flame 


studies seem (yas 


radiation and carbon 
whe are 
should 
he determined. Since a number of ap 
combustion ot 
iuels with oxygen-enriched air or oxy 
gen instead of 


taces and combustion products will be 


pleat‘ons now involves 


alr, emissivities Of 


needed at unusually high temperatures 
Suggestions for turther work are sum 
narized in Table 1 


Convection 


in 1701 Newton 
wat-transter rate 


(79) defined the 
from a solid sur- 
tace to a fluid by the equation 


where 


i as the area of the surtace m contact 
with the fluid at bulk temperature 

tf. is the temperature of the surface 
and 

transfer 

excluding 


the coefficient of heat 


fund 


he 18 
trom surtace to 


inv radiation 
For conduction m solids, and tor radia 
media, the 


known and the 


thon thre tig! transparent 
heat 
transfer equations are dependable. Wit! 
from a solid to a fluid, the 


is far more complex 


mechamsms are 


heat transter 
and ww 

not be 
a definition of 


sittiation 
tact Equation (7) should 
sidered 


the mean coefherent of heat transtet 


con 


1 law, but merely 
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Heating or Cooling without 
Change in Phase 


1. Turbulent Flow im Tubes. In the 
limiting case of isothermal flow of a 
liquid or gas in turbulent motion inside 
a long straight tube with well-developed 
flow 
suggests three distinct zones, as shown 
in Figure 1 (62) 


radial exploration of local velocity 


(1) a turbulent zone 
portion or core, in 
which eddies are always present. (2) a 
“buffer-layer” AB in which eddies are 
sometimes present and are subsequently 
replaced by streamline flow 


BC in the central 


and (3) a 
laminar sublayer OA next to the wall 
in which The evi 
dence of both the laminar sublayer and 
the buffer layer is inconclusive (75) for 
turbulent flow in a tube, although lam- 
mar flow has been shown to prevail in 
the sublayer on a flat plate (100). In the 
laminar sublayer, heat transfer is by 
molecular transport (conduction) while 
in the buffer layer and turbulent core the 
warmer portions of the fluid are me- 
with portions 
by eddy diffusion (convection ) 


eddies are absent 


chanically mixed colder 

A sound theoretical approach in pre- 
dicting A is hampered by lack of know!l- 
edge of the effect of radfal temperature 
gradient upon velocity gradient. The 
latter is due to momentum diffusion to- 
wards the wall. The ratio of the molec 
diffusivity of (p/p) 


ular momentum 


through the laminar sublayer, to the 
moleenlar diffusivity of heat (&/pc,) is 


nip 
; = Prandt] modulu- 


NV p, 


Figure 2 temperagure and 
velocity fields in dimensionless form, as 
predicted by Martinelli (72) from 
analogy between the transfer of heat 
and momentum. It will be recalled that 
the velocity field depends only on the 
Reynolds number (1 p/a). Hence for 
a given Reynolds number, the velocity 
distribution is fixed, as shown in Figure 


shows the 


2, by the curve of «/u, vs. reduced dis 
tance from the wall, y/r,. The temper 
ature field depends on the Prandtl num- 
ber, as shown in Figure 2. For the 
spec ial case where these two molecular 
diffusivities are equal, the Prandtl mod 
ulus is 1, and the temperature and 
velocity fields ‘are theoretically identical 
(Fig. 2). Since the Prandtl 
for common nearly 1 
between the 


modulus 
mathe- 
transfer 
of heat and momentum are simple, and 
fairly reliable for incompressible flow 


gases is 


matical relations 


(6) 
(2) 
(6a) 
4 
th 
fo 
th 
i 
( 
= 
hA(t, ti (7) 
For 4, 
Fre + Fig 4 + Fi. =1 
5 
i For Ay 
aoe Foy + Fes + Fes 4 F., = 1 
] surtaces can > (8 
or 
( ty) 0.023 
(Sa) 
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For other fluids the Prandtl numbers 
may be very small (0.006 ca. for a 
molten mercury) or 100 or more for a 
viscous hydrecarbon oil. Analogies be- 
tween the transfer of heat and of mo- 
mentum are based on inadequate data 
as to the mechanisms, and the simplify- 
ing assumptions that the velocity field 
with heat transfer is the same as for 
isothermal flow, and the physical proper- 
ties are independent of temperature. The 
resulting theoretical equation of Mar- 
tinelli (72) involves the following six 
dimensionless groups 


Re. « 
a ~ Stanton modulus 


Reynolds modulus 


é Prandt! modulus 


d: f, Fanning friction factor, which 
equals the shear stress r, at the wall 
divided by 


pl? 


24. 


e: a,/(a,+a,,), the ratio of the 
thermal diffusivity by eddy transport, to 
the sum of the diffusivity by both eddy 
and molecular transport, and 

f: (te —ta)/(te — the ratio of 
the maximum temperature difference to 
the mean value 


In using the analogy equation, the 
friction factor f is graphically related 
to the Reynolds number, the diffusivity 
ratio is graphically related to both the 
Reynolds modulus and the product of 
the Reynolds modulus and the Prandtl 
modulus, and the temperature-drop ratio 
s related to the moduli of both the 
Reynolds and Prandtl. Thus only three 
dimensionless ratios (Stanton, Reynolds 
and Prandtl) are controlling. Despite 
the assumptions made, the Martinelli 
equation predicts heat-transfer coefii- 
cients of the right order of magnitude 
which is encouraging. The analogies 
have the advantage over the wholly em- 
pirical equation in showing how the 
radial distribution of temperature de- 
pends on the Prandtl number. Figure 2 
trom the 1946 Martinelli analogy (72) 
tor a Reynolds modulus of 10,000, 
shows that 95% of the temperature 
drop occurs im the lamimar sublayer for 
a heavy oil, compared with roughly 3% 
tor liquid mercury. It will require an 
extensive research program to put these 
inalogies on a firm physical foundation 

In practice designers employ empir- 
ical equations (79, J2) containing the 
three basic dimensionless moduli of the 


Vol. 46, No. 3 


Turbulent region 


VM 


Wall 


Fig. 1. Isothermal turbulent flow of fluid parallel to a surface (62). 


theoretical equations, and sometimes in 
clude (95, 12) a weak function (,,/ 
w?)*"* of the ratio of the viscosities at 
the wall and bulk temperatures (12) 


h,, phy 0023 


(9) 


k 


(9a) 


Compressible Flow. Consider adia- 
batic flow of a compressible fluid (air) 
at high velocity through a tube of con- 
stant diameter. As the air flows down 
the tube the absolute pressure decreases, 


owing to friction and increase in kinetic 
energy, and the temperature of the 
moving stream must decrease to satisfy 
the total energy balance. Under the in 
fluence of the radial gradient in velocity, 
momentum is transferred towards the 
wall, tending to heat the wall. But he 


TABLE 1 NEEDS FOR FURTHER WORK 
ON FURNACES AND OOMBUSTION 
CHAMBERS 


1. Gas Radiation 
a. Calculation of total radiation from funds 
mental molecular constents. and testing 
against Het), OO 
Messurements on He) and at high 
pressures 
c. Oslealations for OO, OH, NO. Het 
at high temperatares 
2. Emissivities of Surfaces at High Tempers 
tures 
Hligh Temperature Combustion Chambers 
a integration of progress of combustion 
heat transfer and fluid flow 
b. Predecton of luminosity in Games 


LAMINAR SUBLAYER 


— 
40 


0.6 


04 


RATIO t) te) 


0.2 


BUFFER LAYER 


70 000 | 


02 04 
WALL 
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Fig. 2. Radial distribution of temperature in a tube, according to the Martinelli (72) 
analogy between the transport of heat and momentum. Velocity distribution for 
turbulent flow is shown for comparison. For V+, of 1 (¢,«/t of 1) it is seen that 


the temperature and velocity fields are substantially identical. (Courtesy Am. Soc. 
Mech. Engrs.) 
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DISTANCE FROM THROAT OF NOZZLE, INCHES 


Fig. 3. Results of heating air at high velocity in a tube, with sonic velocity at the 


outlet. Despite heat transfer suffici 
some 20° F.. 


ient to increase the stagnation temperatures 
the temperature of the moving stream fell some 50°F. McAdams, 
Nicolai 


and Keenan (>). 


external mesulation 
hack ito the 


influence of 


cause of the rdeal 


this energy diffuse 


tream under the 1 temper 


sture potential Consequently the acha 


hatic wall assumes a temperature 


igher than the moving stream, by ar 


unmount depending primarily on the 


of the molecular diffusivity of 
omentum to the molecular diffusivity 
{ heat. The conventional Af (wall tem 
perature bulk 


hnite 


temperature of the 
but the 
rate g through the wall is zero. Under 


less 
tream) ts heat-transtet 


these conditions, the conventional equa 
tion (¢ AASt) has no This 


chlemma ts a new 


utility 
solved by defining 
potential, the “effective 
difference (29, 32, 70) 


temperature 


STANTON NUMBERS 


MEAN TEMPERATURE DIF FERENCE, 


Fig. 4 Comparison of three Stanton 
moduli, defined in terms of three tem- 
perature potentials 


A 


McAdams, Nicolai, and Keenan 
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heat 
zero. li the 


which is zero when the transtet 


wall 


heat 


through the wall ts 


temperature ts ratsed above 


” 


is transferred according to the equation 


dq hidAyit, (10 


Figure (70) shows results of a heat 


with a mass velocity of 
$3,500 th. of airy 


transter run 
sq.tt \rr en 
it room temperature und the wall 
temperature " the test 
at 120° F. bw means of con 
\lthoug! 
was transterred through the w 


section wars 
mamtamed 
enough 


all t 


densing steam 


crease the stagnation temperature 


by some 20° F., the temperature of the 


moving stream of air fell roughly 50° F 
(from 60° F. to 10° F 
summarizes results of 
effective 


(expressed m terms ot 


Figure 4 
a number of heat 
transfer runs. The heat-trans 
ter coethcrent 
the Stanton number, A, G) is seen to 
be independent of temperature potential 
conventional Af 


When a coefficient 


while that based on the 


is not is based on 


the excess of the wall temperature over 


the stagnation temperature 


dq h,(dA)(t, (12) 


the corresponding heat-transter coefh 


crent a, more nearly independent ot 


temperature potential than the coeth 


The recovery factor, .V,. de 


relates the three and tor 
subsonic flow of air is roughly equal t 


temperatures, 
the square root of the Prandtl number 
(29, 32) 


(14 
V 

\ recent paper (47) reports results tor 
Sku 
temperatures have been measured (&/ 
flaght 
super 
at pressures 100 t 
with 100 


correlated on 


heating air with unusually high Af 
on a rocket in supersonic 


Another (67) reports data tor 


heating steam from 
th 
624 


terins of 


sq.in.abs from 


Results 


were 


cimensiontless ratios 


k, 


+ ~ 
My 


wherein the new values (S/a) of & were 
employed 
may be cited ot 


Several examples 


cases where heat-transfer coefficients 
jor heating or cooling may be predicted 


fairly well with mathematical theory 


2. Streamline 
lubes. Here it ts 


developed streamline 


Liquids Inside 
that 


flow prevails (con 


assumed well 


sequently the velocity distribution 1s 
and independent of the Rey 


and that heat 


parabolic 
is trans 
The 
resulting theoretical equation of Graetz 
correction 
95) for the fact that physical propertie- 
thus dis 


nolds number ) 
ferred only by rachal conduction 


needs empirical 
ire a function of temperature 
torting the velocity field (95) 


a fluid with 
Martinelli et al (73) showed 
that direction of flow in a vertical pipe 
affect the 
and that a vertical pipe will give larger 


For 


expansion, 


a given coefficient of 


will heat-transtfer coefficient 
coefficients than a horizontal pipe wher 
the natural convection velocity near the 
wall of the vertical pipe ts in the same 
as the forced flow The 


relations between the 


direction 
titative 


quan 
appropr 
ate dimensionless groups were given 
graphical and algebraic torm, and pre 
dict results somewhat more closely thay 


does Equation (15) 


Flew Al 


( hangs 


ng a Flat Plat 
Upon assuming 


plate 


laminar 
vtthout Phas 


aminar flow along the at unitorn 


temperature, Pohlhausen (48) obtained 


theoretical equations for both the local 


i 


March, 1950 
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= 
\ 
| 
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-- 
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coefficient at the length +, and the mean 
coefficient from x of 0 to x of L: 


( 16a) 


Both the local and mean coefficients are 
defined in terms of the initial temper 
t t,. Ina 


ature difference recent 
thesis (57) it was shown that this theor 
etical equation of Pohthausen correlates 
data (16, 51) flow of ai 
in steam-heated tubes, for L/D from 5 
Figure 5. This 
agreement is somewhat fortuitous, since 


for laminar 


to 63, as shown in 
the local coefficient decreased with in 
crease in length for only 42 diameters 
(instead of 63) and the theory did not 
take into account the change in velocity 
of the main stream due to the reduced 


velocity of the laminar layer on the 
inner wall of the tube 
4. Local Coefficients. In many other 


cases, the point or local coefhcrent of 
heat transter 
dq dA - 


changes substantially from one location 


to another. In such cases measurements 


ot local coefficients vield much more 


usetul information than mean coefh 


\ few cases may be cited 


cients 


For 
the local coefh- 
cient of heat transfer is a function of 


a. Inlet Region of a Tube tur 


bulent flow in a tube 
length in the inlet region (8, 16). At 
the length at which the velocity profile 
ceases to change, the flow is fully de 
veloped and the local A is independent 
Value of L/D at which the 
flow becomes fully developed depends 
(8) on the type of entry and the Rey 
nolds number, DG /p 

According to the theory of Latzko 
(53a, &) for turbulent flow in a tube 
laminar bound 


of length 


with a bellmouthed entry 
dary layers build up on the wall in the 
inlet region of the tube, and meet at the 
“starting length,” 


DG \* 
( ) 0.693 ( ) (18) 
D 


Thus for DG/p of 40,000, the predicted 
starting length ts 9.8 diameters 


critical,” or given 


bey 


For 1/D less than given by Equa 
tion (18), Latzko (53a, 8) predicts that 
the mean coefficient A, (from L of 0 
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POHLHAUSEN THEORETICAL EQUATION 
FOR FLAT PLATES (1921) 

4} - - 2 G 
x 
| - 
et 4 
3 “10 | 5.0 |KARIM& TRAVERS 
i i | i 
LS 


Fig. 5. Correlation of Karim and Travers (5!) of data (16, 5!) for laminar flow 


in heated tubes, by theoretical equation of Pohlhausen (85 ) 


for laminar flow along 


a heated flat plate. 


to L) is related to the asymptotic value 
h,, by the equation : 


unt| 
(19) 


This prediction is closely substantiated 


by recent data (4) for a bellmouthed 


entry. 
For L/D greater than given by Equa 

tion (18), Latzko predicts 

1+ (20) 

h L/D 


where the dimensionless factor C is a 


weak function of DG/p 
DG 


This prediction is confirmed by recent 
data (8&8) for a bellmouthed entry, with 
DG /p of 26,000 to 56,000, where C was 
found to be 1.4 compared with 1.83 to 
2.22 predicted by Equation (21). For 
L/D of 10, a substantial change in ( 
produces only a small change in A,,/h, 

Table 2 gives experimental values 
(8) as a function of the type of entry 

b. The finned passages for air flow 
around engine cylinder 
(27, 66) 

c. Flow normal to single tubes (4, 26, 
33, 34, 39, 44) 

d. Natural convection 
plates (42, 91) 


(21) 


Cc o.144( 


an air cooled 


from vertical 


TABLE 2 VALUES OF ¢ FOR DG 
FROM 26,000.56,000 FOR L/D>5 

Bell mooth with one screen 14 

Long calming section (Le/D 112 14 

Short calming sectior Lei D 2.4) ca 

45° angle bend entrance ca. 5 

w angle bend entrance ea. 7 
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5. Experimenial Analogies between 
Transfer of Mass and of Heat. Since 
equations for mass transfer are of the 
same forms as those for heat transfer 
it would be expected that mass transfer 
can be used as an experimental analoguc 
for heat transfer. This proves to be the 
case, as shown in Figure 6 for flow 
normal to single tubes (107). The curve 
marked “author” was obtained by Wind 
ing and Cheney (101) for the local rate 
of evaporation of naphthalene into air 


Fig. 6. Comparison of local Nusselt 
numbers for transfer of heat or mass 
for air flowing normal to a cylinder. 
Data marked “author” are by Winding 


and Cheney (1/1) for evaporation of 
naphthalene. (Courtesy Ind. Eng. 
Chem.). 
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Fig. 7. Compact heat-exchanger con- 
taining draped brazed fins, tested by 
London et al (0) (Courtesy Bur. Ships, 


Navy Dept.) 


Some other curves are 
while the 


urves of similar shape 


lor heat transter 


rest are tor mass transter 


heen ob 


immedi for beat transfer by other work 
s (4, 26, 33, 34, 39, 44, G3) 
For turbulent flow im tubes, recent 


ork 
nded 


(59,712) on mass transter has ex 


the Schmidt modulus to 3000 


mpared with a Prandt! modulus of 
for heat transfer Since the 
hmidt number for mass transfer ts 
mlogous to the Prandt! number for 


at transter, this finding extends our 
bility to predict heat transfer at high 
randt! numbers. Data both 
nd heat transfer were correlated 
1) im terms of Equation (9) (73, 10a) 
t should be pointed out that these ana 
yrues between the transfer of mass and 
f heat have the limitation that a mass 
anster analoguc 


tor 


(59 


cannot be devised to 


mulate a heat-transfer « 


ree temperature potential 


ase with a 


6. Gompact Heat-Exchangers. Dur 
x the recent war airplanes required 
at exchangers having a large heat 
anster surtace im relation to the vol 


(88). In fact 
of Norris and Spofford (42) for pin or 
strip fins Rey 
nolds number, is a special case of the 
Pohlhausen equation 


involving a perimeter 


A triple-passage exchanger, contain 
img finned surfaces 


v7) ma 


has been used (22 
reversing 


oxygen plant 


exchanger im an 
Some data are available 
for packed beds (56, 58), packed regen- 
erators and for fluidized solids (74, 57) 


/. Selection 


Methods 


arrangements 


Assuming that 
of heat-transier 
used, the designer 
wishes to select that type best suited to 
the proposed application If 


several 


surtace may be 


there are 


no restrictions and 


numimum cost 
for fixed charges and pumping power 
will be the criterion 


on dimensions 
weight of the exchanger 


which may be ex 
pressed m terms of an optimum velocity 
(64) 


power 


or the corresponding optimum 

loss unit surtace 
Romie (90) discusses the criteria wher 
other factors are important, such as di 
mensions and weight 


per 


8. Transpiration ¢ ln 
the main objective of heat trans 


ter to keep some 


rolimg 
Cases 
while 
in contact with hot gases flowing at hig! 
velocity. If it is allowable to 
coolant through a porous body 
the 


surface cool 
force a 
and to 
the hot gases with this coolant 
method of 

wiay be emploved 


transpiration cooling” 

Due to the fact that 
the transpired coolant oozes through the 
pores at low velocity 
insulated 


the hot gases are 
from the porous plate 
the 
cient trom hot gas to plate is greatly 
reduced. Table 3 (50) shows this effect 
When employing transpiration cooling 
the plate may be held at the desired tem 
perature of 
gas or water through the pores of the 
plate 


consequently heat-transfer coef! 


by transpiration nitrogen 


producing a reduction of 73-766, 


ume and weight of the exchangers m both coefficient of heat transfer fron 
These were fabricated in a variety of hot gases to the plate and the rate of 
forms, usually involving thin-walled heat transter 
passages heavily finned with thin metal 
sheets giving a large heat-transfer sur 9%. Instrumentation, In measuring in 
face (Fig. 7 In some cases the heat dividual coefficients of heat transfer, it 
ing surtace was subdivided imto short is customary to attach thermocouples to 
strips to interrupt the boundary layer  suriaces. The leads of the thermocoupk 
und thus secure the advantage of a high usually pass through a fluid which is 
coethorent of heat transter as predicted warmer or cooler than the surface. Ow 
TRANSPIRATION COOLING 
Air at 602° F we Ower Plate at a Velocity of G00 ft 
Ten Trans 
atur ration 
of Rate Air 
Plate ad bh br Plate 
melid None Nor ia 7 
Porone 19 Ne gas 145 185 
Vorvus Het), liquid 17.6 
Perous 21 7 144 


Water leaves 
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by the Pohlhausen theoretical equation 
the empirical equation 


ing to heat transfer between the fluid 
and the leads, heat is conducted to or 
from the junction, and consequently the 
surface temperature ts not the -ame as 
it would have been without using the 

The 
the are given 
Frequently it is necessary to 


thermocouple resultant error 


and 
estimates 


(6, 17) 


ot correction 
measure temperature of a gas by means 
ol but 
rounding are at a 
the gas, there ts radiatior 
This problem is discussed (76 


a thermocouple since the sur 


walls temperature 
different from 
error 
x9) 


Heat Transfer with Change in 
Phase 


1. Boiling of Saturated Liquid. Upor 
inspecting the eQuation q = 
t), one would conclude that the 
density of heat flux (q¢/4) would be di 
rectly proportional to the temperature 
potential t, —¢, called Af. Figure 8 
shows a graph (7, 65, 83, 61) of q@/A 
vs. Sf for heat transfer from an elec- 
trically heated platinum wire to a pool 
of water boiling at 1 atm. In the range 
AB, the liquid water is being super- 
heated by natural convection and evapo 
ration occurs only at the surface of the 
pool 


it. 


As would be expected from the 
mechanism, g/d is proportional to 
4f*/*, In the range AC, bubbles form at 
active nuclei the heat-transter 
and rise through the pool, setting 
up natural circulation currents. In this 
range of nucleate boiling, g/4 varies as 
af, from 3 to 4 At 
point ( the density of heat flux goes 
through a maximum, In the range CD, 
where part of the surface is 
with a vapor film, ¢ 


on sur 


tact 


where ranges 


insulated 
A decreases as Af 
point D, the density of 
heat flux goes through a minithum at 
the Leidenfrost point (55). In the film 
EF, heat is transferred 
vapor 


imecreases. At 


boiling region 
the 
und radiation. 
Further data available 
14,35). A theoretical equation is avai! 
able (11, 6&) for the convection coeth 
cient in the region of tihn-boiling, based 


through film by conduction 


are 


on the assumptions of lammar flow ot 
vapor by conduction 
through the Vapor film. after deducting 


rachation 


and heat transfer 


Phe resultant equation is ex 
actly like that of Nusselt (4&5) for tlm 


type condensation, except that Nusselt 
neglected the vapor density p, relative 
to that of the condensate, p,. This equa 
tien tor tiim-hboilime is a tairly good 
ipproximation to various data (// 
except tor small wires, where the data 
run 30 te 100% above the predicted 
values 

Figures % and 10 show Edgerton 


high-speed photographs by Castles (/4 


68) of water boiling at 212° F. on a 


March, 1950 


STEAM FLOW 
> 

An 

SB, 

On Nie 

§ 

a 

a 

| 

A 


WUC LATE 


une =/ ature of the water. Data for surface- where ¢,, is the saturation temperature 


boiling are plotted in Figure 13 (69) vs. of the vapor. When plotted in this 
* Ye57 the surface-boiling potential : fashion results are insensitive to water 
bee — bee temperature and velocity. The slope of 


0, maT CONVECTION 
WL LATE 


(we )(serr) 


, DEGREES F 

Fig. 8 Boiling of water at 212° F. on 

an electrically heated platinum wire. 

Nukiyama (*%. 1, 65). 


horizontal wire of Chrome! (©, at a den 
sity of heat flux of 72 to 80% of the 


peak value. In the region of nucleate 23° 

boilin Fig. 9) Af is small, while in ig. 9. Nucteate ng & poo! of water at - by a horizon a 

the m Aan of film-boiling ( Fig a the Chromel A, at a density of heat flux of 80% of the peak value, At is small; 
Edgerton photograph by Castles (//, 68) 

wire is red hot and Af is large. 

With organic liquids, Cichelli and 
Bonilla (78) found that the peak density 
of heat flux occurred at a reduced pres 
sure of one-third 


2. Boiling of Subcooled Liquid. The 
situation is complicated further if the 
temperature of the liquid is below the 
hoilimg poimt (Fig. 11) (69). At a 


given instant, bubbles are present at 
certain parts of the surface but later 
ondense in the nearby cold liquid (53 
8, 69,77) and the phenomenon is called 
surface-boiling. In addition, heat is be- 
ng transferred from other parts of the 
tube directly to cold liquid, by the me- pig 19. Pitm-boiling of a pool of water at 212° F. by a horizontal wire of Chromel A 
hanism of forced convection without at a density of heat flux of 72 % of peak value; wire is red hot and At is large 
phase change. Owing to the disturb (14, 68). 

ances set up by the coudensation, the 
veat-transfer rates are higher than 
without phase change. Flux densities as 
as 2,000,000 B.t.u./(hr.) (sq.ft. ) 


have been obtained with surface-boiling FLOWING UPWARD AT 4 FECT PER SE00ND A 
68, 69, 53). When the flux density is : A 
increased sufficiently the condensing 
step becomes the bottleneck, and the en- ! 
tire surface of the tube ts insulated with j 


vapor. Shortly before this condition is 
reached the flux density reaches a peak 
value (53, 69). 

Figure 12 (69) shows a logarithmic 


graph of the heat flux q/A plotted as 
ordinate vs. the total Af from the heater 


to the degassed water. In the nonboiling 


region, the results agree with those ex- 


pected from the conventional equation 


tor forced convection without change in 


phase. The bulk temperature of the 


vater was 50°F. below the boiling 


pomt. As Af was increased surface-boil- ; 
ng did not start until Af reached 88° F., 

@/A = 296,000 @/A = 810,000 @/A = 630,000 ‘ 
at = 63.6 = 68,7 at = 06.7 


ndicating superheat in the liquid film 


Figure 12 shows a summary of some 


of the data, and it is seen that the steep ; 

portions of the curves start at various Fig. 11. Edgerton photographs of surface-boiling of subcooled degassed water 
i upward through an annulus (0.77-in. I1.D.) containing a centrally located 
values of Af, depending on the temper- heater (0.25-in. O.D.). McAdams, Kennel, Minden, Carl, Picornell and Dew (69). 
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Pig. 12. Heating of degassed water 


flowing upward in an annulus, for 3 

of subcooling. The sharp upward in- 

flection of each curve does not start 

until the wall temperature is substantially 

above the saturation temperature, indi- 

cating superheating before surface- 
boiling starts 


the curve m Figure 13 is 


holing of 


sumilar to that 


tor the saturates 


a pool of 
data are available 
for butyl aleohol and for aniline 


Similar 


(33) 


Condensation of lapors 


a. bium-type Condensation of a Pure 


Saturated Lapor. Here tt is assumed 
that the condensate flows past the sur 
face im streamline motion solely under 
CAL BONING CORRELATION 
OUGASSED OISTNLED 
4 O28 OM 
OF? WOM 
of | 
g 


Fig. 13. Correlation of data for surface- 
boiling of subcooled water flowing up- 
ward in an annulus 
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the mtluence 
latent 
terred 


that the 
condensation is trans 
the condensation tlm 
only by conduction. The resulting Nus 
selt equation is supported by ex 
perimental data tor 


of gravity, and 
heat of 


through 


(a5) 


small to moderate 


vapor velocities; the 


coefhcients may be 
larger than predicted (63) due to the 
presence of ripples. With long vertical! 
tubes turbulence ensues and reduces the 
thickness of the laminar sublaver 
through which heat is conducted. cons« 
quently the Nusselt 
20) 
With downward flow of 


theory is tar to 
comservative (52 
condensing 
vapor at high velocity inside tubes, the 
measured heat-transfer 
as much as 


coethcrents are 


ten times (22, 97) those 


predicted conventionally 


b. Drepuise ( ondensation When 
pure steam condenses on a clean metal 
film-type condensation ensues. But if a 


rendered nonwettable 


promoter ts added, the 
to the 
94). and the over-al! 


heat transter 


metal 


condensat« 


30. 36. 78&. 9? 


coethcrents ot from stean 


to water with dropwise condensatior 


may be twenty tomes those with film 


type condensation 


Need for Further Work 
In the held of conventional heat tran- 
ter, unsolved problems remain. For ex 


ample, im the condensation of a 


Vapor 
from a noncondensable gas, data are 
ivailable only for steam and air at at 


mospheric pressure: no data are avail 


ible tor dehumidifving a mixture of var 
ous vapors and noncondensable gases 


found to 
certam metals nonwettable 


Promoters have beer render 
to condenser 
steam. thereby producmeg dropwise cm 
densation which gives much higher c: 
efficients of heat than doe- 
Pure 
vapors produce condensates which wet 


the tubes of the 


transtet 


film-type condensation 


organic 
condenser, and because 
of the low thermal conductivities of the 

give heat 
transfer coefficients than film-type cor 
densation ot 


condensates much lower 


steam. Perhaps it would 
he possible to produce dropwise conden 
A thorough study of heat trans 
fer and pressure drop in natural circu 
lation 


sation 


vertical-tul evaporators 


needed 


Novel applications of heat tramste 
between surfaces and fluids imvolve 
hoth conventional and unconventiona 


NEEDS FOR FURTHER 
ON CONVECTION 


heat-transfer fluids, frequently with un 
usually high density of heat flux and 
high temperature level 
beyond the 


Such conditions 
of existing em- 
lack of funda 
mental data on velocity and temperature 
helds substantial 
the reliability of 


are range 


pirical equations, and 


causes uncertainty im 


theoretical relation-~ 
Consequently much remains to be done 
in collecting data for the 


new cond 


tions. Even the physical properties are 
iwatlable for many of the heat 
Further work is neede 
for forced convection at very high gas 
velocities. Table 4 summarizes 
ior turther work on convection 


not 


transfer media 


need- 
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Notation 
! area of heat-transter surtace 
sq.tt 
factor m (21) dimension 
less 
. specific heat at constant pre- 
sure, F.) 
maide diameter, tt 
L equivalent ciameter of annulu- 
D, it 
prefix, imhicating derivate, 
mensionless 
‘ae geometrical tactors for radia 


tion between black surtaces 
m transparent media, dimet 
sionless; for 
tion; 


rect 


7 factor tor total 
tween grey 


direct radia 
for direct plus ind 


radiation be 
surtaces m tran 
parent media, detined by Ex 
i6 and (6a) 


friction 2¢ r,/pl, d 
thie nsrontle 
mass velocity w/S) Ib 


(hr.) (sq.it 


local coefficient due to gravity 


approximately 417 10 ft 
Chr.) Cher 

converstot tactor 4.17 x 10° 
Ib. matter (it (hr) (he 

h local coefficient of heat trans 
ier, conventional, dq/(dA 
(ty th. Btw /thr.) (sat 
it.) (° F 

hig mean coefficient of heat trans 


urithmet 
differenc: 


ter based on 
mean temperature 


meat eflective 
} 


oethcrent 


eat transter based on « 


March, 1950 


— 
i 
=, 
) 
| 
. 
Molten metals and fused salts 
Fluidieed solids, packed beds 
* te lear ~ across baffled tube banks 
Natura reulation evaporators 
Condensa vapors at high velocity h 
Drop wise ndensation with reanic vapors 
Dehamidificatior mixed vapors 
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fective 


ence 


differ 


temperature 


hy a/(A) (ty. — tex) 


hy mean coefficient of heat trans 
ter. conventional 


hdA 


o 


—t) 


h, mean stagnation coethcoent of 


heat transfer: 


q i.) 


coethcrent of heat 


tramster at 


igh L/D 
local coefhcient of heat trans 
ter based on initial af 
hy dq/(dA)(t, —t,) 
Ness coefficient of heat trans 
fer based on initial 
mi 1( 
mechanical equivalent ot heat 
778 (ity force) /B.tu 
heat-transter number, (A CpG} 
(c,m/k)*, dimensionless 
thermal conductivity, B.t.u 
Chr.) (sq. /it 
l ength, it 
V, recovery tactor detined by 
Eq. (13), dimensionless 
tte of heat transter, B.tou. 
by conduction and convec 
tion 
le by conduction 
ir by radiation 
radius (local, total), ft 
S cross section, sq.ft 
7 absolute temperature FF. abs 
bulk temperature, ° F 
at axis 
low Ot adiabatic wall 
i, OT Stagnation 
OF Saturated vapor 
te ot wall 
t, at great distance from the 
plate 
over-all coefficient of heat 
transier trom warmer to 
colder fluid, B.tou./(hr.) (se 
F.} 
local velocity, ft. /hu 
average velocity, it. li 
it great distance from the 


plate ft. /hr 


weight rate of flow, Tb. ‘(hy 


( tube 


distance, ft 


distance, ft 
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(GREEK 


eddy thermal diffusivity, sq 
it. /hr 
diffusivity, 


molecular thermal 


sq.tt hr 
temperature difference causing 
flow of heat k 
emissivity, dimensionless 
enthalpy change upon conden 
sation, B.t.u./Tb. 
(hr.) ( ft.) 


where #» 1s in Th. force 


Viscosity th. 
Med 
Chr.) sq.ft.) 

molecular diffusivity of mo 

mentum, sq.ft./hr 


molecular diffusivity of heat 
sq.ft. 
density, Th. /cu.it 
p, at great distance from the 
plate 
Stetan-Boltzmann constant 
1.73 10-* (hr 


(sq it.o¢° F 


abs. )* 


shear stress at the wall, tb 


torce /sq.tt 
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EVAPORATION OF LIQUIDS INTO 
TURBULENT GAS STREAMS 


D. S. MAISEL and T. K. SHERWOOD 


Massachusetts Institute of Technology, Cambridge, 


New data are presented on the evaporation of liquids into turbulent 


gas streams. Tests were made using wetted plane surfaces, cylinders, 
spheres, and discs. Water was evaporated into air from each of the 
several shapes; water into carbon dioxide and into helium from cylin- 
ders; benzene and carbon tetrachloride into air from cylinders; and 
benzene into air from spheres. Values of jp obtained are expressed 
graphically as functions of the appropriate Reynolds numbers, and are 
shown to agree remarkably well with data from the literature on mass 


transfer, heat transfer and friction. 


ROBLEMS of mass transfer, heat 
transfer, and flux! flow are basic to 
the design of much ot the equipment of 
the process industries. Knowledge of 
these three fields has been built up over 
the years largely on the basis of experi 
mental studies of heat transfer with 
different fluids flowing in tubes and past 
various solid shapes, mass transfer or 
gas absorption in many types of equip 
ment, and of friction or drag of stan 
dard shapes in moving gases and liquids 
In recent years, however, it has become 
increasingly clear that the three proc 
esses are intimately related and that a 
turbulence 
and of flow conditions near phase boun 


complete understanding of 


daries may be expected ultimately to pro 
vide a sound basis for the development 
of a theory of interphase transier as a 
single subject, whether it be heat, ma 
terial, or momentum that is transferred 
\s a contribution to the development of 
such an understanding, this and a subs 

quent paper present new data on evapo 
ration of liquids from flat 
spheres into turbulent 
streams of several gases, and the effect 


surlaces 
cylinders, and 


ot both scale and intensity of turbulence 
on the rate of mass transfer 

Traditionally, data on mass transfer 
have been expressed in terms of a trans- 
fer coefhcient Ag, g.moles/(sec.) (sq 
em.)(atm.), or A,, g.moles/(hr.) (sq 
em.) (g.mole/cu.cm. ) where K, 
AgkT. Correlations of such data have 
* This is the first of two related articles 
by Maisel and Sherwood. The second one 
titled, “The Effect of Air Turbulence on 
Rate of Evaporation of Water,” will be 
published in the April issue of Chemical 
Enoqmeering Progress 
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generally taken the form of empirical 
expressions relating the three dimen- 
sionless groups A.D/D,, Re, and Se, 
where Ke is the Reynolds number based 
on some appropriate dimension, and Sc 
is the Schmidt group »/pD,. Thus Gil- 
liland and Sherwood (4) found for 
vaporization of liquids into air in a 
wetted-wall column 


K.D 
D 


Various attempts have been made to 


0.023 (1) 


develop theoretical expressions for mass 
transfer in turbulent flow (78). These 
have resulted in the common form 


K 
US? 


- 


(2) 


where ¢p is some function oi f, Re, and 
Sec. Chilton and Colburn (1) suggest 
that dp, may be replaced by the empirical 
function Sc*, 
lated in terms of the dimensionless 
group /p. where 


and that data be corre- 


a 
ip = K Paws: {(Re) (3) 
This has worked well in many instances 
and will be employed in treating the data 
here reported 
Theoretical reterred to 
later are all based on the concept that 
mass transfer in a turbulent stream is 
proportional to the mean deviating ve- 
locity t” in the direction of transfer, 
and to some characteristic length re- 
lated to the size of the eddies. These 
two quantities in turn are connected 
with the velocity and velocity gradient, 
and hence to the shear stress at the wall, 


equations 
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Massachusetts 


and to f 


Agreement between data and 
theory is remarkable for turbulent flow 
in pipes where the relation between ve- 
locity gradient and friction is known, 
and Equation (2) has been shéwn to be 
approximately 
cylinders, providing f represents only 
that portion of total drag due to skin 
No theory exists for bluff ob 
jects where flow separation occurs, and 


correct for transverse 


triction 


for these cases it is convenient to plot 
the experimental data as suggested by 
Equation (3) 

It may be noted that Equation (1) 
corresponds to by 
exponent in Equation (3) is 3. The 
former was obtained from experimental 


whereas the 


data, and may be presumed more re 
liable than the latter 
tained by analogy to the corresponding 
function for heat transter 


which was ob 


However 
the experimental range of Sc is from 
0.60 to about 2.4, which is too narrow t 
differentiate conclusively 
exponents 0.56 and 24 


between the 


Experimental Procedure 


Ihe general technique employed in 
volved the measurement of the rate of 
evaporation of a liquid supplied contin- 
uously to a porous surface placed in a 
turbulent gas stream. Data on evapora 
tion trom flat surfaces were obtained in 
a duct 15.2 x 61.0 em. mm cross section; 
evaporation from spheres, cylinders, and 
small dises was studied in a long round 
duct 10.2 em. 1D. 


Fiat Surfaces. The duct used was 
that previously described by Sherwood 
und Comings (19). The horizontal wet 
test surfaces were placed in a rectangu 
lar passage 15.2 cm. wide by 61.0 cm. 
high, at the horizontal mid-plane and 
100 cm. downstream from a reducing 
section preceded by about 300 cm. of 
45.6 X 61.0 cm. duct. Air at controlled 
temperature passed over the test surface 
at velocities from 500 to 100 em./sec. 
Air temperatures were maintained be- 
tween 40 and 60° C. 
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| CALMING 
MEASUREMENT MO TANK 
SECTION 
40S 
SLE VALVE 
Tolan 
|* 
v 
BLOWER SINNED HEATER 
! SECTION 
Fig. |. Apparatus used in measuring rate of vaporization Fig. 2. Diagrammatic sketch of closed-circuit gas channel 
of water from flat surfaces used with small cylinders, spheres, and discs. 
The wet test surface consisted of one fitted together by means of closely ma helium 2 to 12) air, as found by Orsat 
we, or three blocks of firebrick (John chined butt joints. The test object was analyses for oxygen 
Manville No. 1620) cut to fit three gal mounted in a similar section made ot 
wnized iron pans 5.1 X 12.7 * 1.90 cm transparent Lucite, machined to fit the Cylinders. Cylinders used were ot 
deep. Top surfaces of the three blocks teel sections and provide a contimuou- iused silica (Filtros) and were placed 
vere covered by a single laver of tine mooth mternal duct surtace Preced vertically m the center of the test sec 
weave rayon cloth, and thermocouple ne the test section was a large surge tion. Three thermocouples were ted to 
placed beneath the cloth at the position unk and converging cone 290 cm. or the surface of the cvlinder along a vet 
hown m Figure 1 in which the wet sur upproximately 29 duct diameters up tical line, and the whole covered with 
wes are shown cross-hatched. Wooder stream from the test section, filter paper held with cotton thread t 
ipproach sections were fitted to the The gas leaving the test section passed provide a smooth outer surface. The 
eading edge of the pans, as shown through an adsorber, consisting of a evlinder was mounted in two cylindrical 
These were in lengths of 13.0, 26.1, 52.1 rum carrying a perforated tray filled metal adapters machined to fit the ends 
d W222 em, Water was ted to the with granules of activated carbon or dry of the cylinder. The diameter of the 
pans through copper tubing trom a sup silica gel. The 4K Marvel blower oper ilapters was 0.8 mm. greater than that 
ply system consisting of an imelimed sted at 3300 rev./min. by a 5-hp. motor of the evilinder The bottom section 
tube in which the meniscus was brought provided 10,000 1. /min. of air at 23-cm served as a liquid reservoir as well a- 
to a mark for readings by adding water vater head. Temperature was controlled 4 support. Each adapter was held m 
irom a 50 ce. buret. In this connection by adjusting the steam supply to the place by packing glands in holes im the 
t was found necessary to equalize total tinned heater section, mstalled in a spe Lucite test section Liquid was ted 
pressures m the air duct and over the cial adapter equipped with a by-pass through the lower adapter trom an m 
nelined supply tube. Separate supply line. The main velocity control was a clined measuring tube similar to that 
vetems of this type were operated tor lt-cm. shde valve mstalled between the described for use with the flat plates 
wh pan. Data were obtained only ot uwlserber and the blower. Three sizes o! The upper adapter served as a cap and 
iter and au wifices were used, depending on the ga- is an outlet for the thermocouple wires 
Temperature variations over the sur rate hese were calibrated in place by The evlinder could be rotated while the 
tace were of the order of 2-3 ¢ at means of a large gasometet un was in progress, and the three 
most. The driving foree used m caleu In addition to the test object, the thermocouple readings wer recorded 
ting 7, was obtamed by subtracting transparent test section was fitted with with the thermocouples at the front 
the partial pressure of water mm the au i movable thermocouple to mdicate gas back, and side positions. The reported 
tream, obtained from wet- and dryv-bulb temperature, and a 1.9 mm, &-362-’S — surtace temperature was the average 0! 
reaching irom the vapor pressure ot Revere Pitot tube for accurate velocity these twelve readings, which normally 
vater at the mean of the several ther traverse Downstream from the test differed by less than 2° ¢ (With the 
mocouple temperature Because of heat ection were located wet- and dry-bulb shorter of the two evlinder lengths en 
viflow trom the better ind edges thermometers for humidity determina ploved, only two thermocouples were 
vell a rachationt the urtace ten thon n runs with wat ittached and eight readings obtamed 
perature wa wher than the lest sere run witl iter evaporat 
wet-lbudb temperature \ir viscosity ane ne mto am, helwun od carbon Spheres. Spheres used were mace by 
density used on the tleulatunt ere le. and with carbon tetrachloride and binding sand with precipitated calciun 
ken at the r temperature enzene evaporating inte air. When arr ilicate, using a spherical mold and 
us used the system was open and the taking pains to remove all traces of the 
mders SPucres tnd i? ir not ree reulated With arbor ‘ ik chlor ule prec ipttating went 
with these ue wer che und the svsten Was Three copper-constantan ¢ ily 
wrried out ma 10.2 em. LD. rownd duct vel and the gas recirculated, with the brated thermocouples were tied to the 
irranwed so that the ¢ auld be rec rher om operat Special pau urface and the whole covered with ab 
eulatel m a vsten ‘ ow! vere taken to make the system and ~<orbent cellulose tissue \ fourth ther 
wrammatically im Figure 2. The duct irbon dioxide or helium was intre mocouple was located m the center ot 
proper was made up of erght sections of Iuced by displacing the air. The carbor the «phere The hquid was supphed 
ean teel tulung enc ol t liexide contained 2 to 36% air. and the through a vpoadermre tube which als« 
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served as a support at the top. A cotton 
wick was embedded in the bottom ef the 
sphere, hanging down into the open end 
ta 8 mm. vertical glass tube immed 
tately below the sphere. This tube ex- 
tended through a packing gland at the 
ottom of the Lucite duct, and was con 
nected to the inclined glass feed control 
tube. Liquid was fed from a buret 
through the hypodermic feed tube to the 
top of the sphere, at such a rate as to 
maintain a constant level in the two 
irms of the glass reservoir tube at the 
bottom. The level was maintained just 
below the sphere, so that the wick was 
nept wet As m the case of the cylin- 
lers, the spheres could be rotated, and 
the maximum spread of temperatures 


voted was less than 2° ( 


lises. Two sizes of thin microporous 
eramic discs were emploved, 2.5 cm 
ind 3.7 cm. diameter, and 1.6 mm. thick 
Four thermocouples were attached to 
me face covered with filter paper. This 
lace was exposed up-wind; with the 
ise placed parallel to the air stream no 
filter paper was used. The liquid feed 
vas from above, as in the case of the 
spheres. The disc rested in a shallow 
slot in a Lucite block forming a lower 
reservoir; this was connected to an 
external inclined glass tube in which the 


quid level was held constant 


Results with Flat Surfaces 


Data on evaporation of water from 
Hat surfaces were obtained with wetted 
engths (#,) of 5.1, 10.2, and 15.3 cm., 
ipproach lengths (2,) of 13.0, 26.1 
52.1, and 103.0 em., and Reynolds num 
bers (hased on total length x,) fron 
65,000 to 674,000 \pproxnmnately one 
third of the experimental points are 
given in Table 1, and shown im Figure 
3 as fp vs. (Re),, together with other 

ita trom several sources The lower 
section of the solid line represents f/2 
or smooth plate s as given by Goldstein 

5) for turbulent flow, and coincides 
with the line given by McAdams (12) 
for heat transfer to flat plates. The 
ipper section (to the left represents 
the theoretical equation of Blasius for 

2 in the streamline region 

Data from the literature were ob 
tained without approach sections or 

th x, small compared with x,. In the 
present case a, is large compared with 

with the 5.1 cm. wetted section and 
103 em appre ich section Ip 18 essen 


ually a point value and 


not an average 
wer a wetted length t The new data 
tall well above the best line through the 
ther points, and are badly scattered. It 
s evident that *, and 2, are important 
unl that a good correlation cannot be 


btained on the basis of r, alone, except 


here no ipproach section en plove 
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EVAPORATION OF WATER FROM FLAT SURFACES 


Length of approach section x, = 13.9 


5.91 
4.18 
2.98 


$.19 
4.27 
4.94 


6.56 
5.%6 
5.55 


7.34 
6.15 
5.66 


150,900 
175,000 
194,900 


149,000 
174,000 
198,900 


112,000 
180,000 
140,000 


109 , 500 
127,500 
145,500 


40 900 
416,000 
453,900 


545,000 


567,000 
596,000 


TADLE 
x, x = 
32 18. 5.60 65,000 
23.2 1.462 20,00 
28.3 102,00 
18.1 5.71 65,090 
23.2 4.78 40,990 
28.2 102, 006 
18.1 5.42 90, 20% 
23.2 4.69 108 ,090 
28.2 4.45 141,20 
18.1 5.52 102,090 
28.2 4.64 122,000 
28.8 4.26 156,000 
| Length of approach section x, = 26.1 om. 
27 31.2 5.73 5.06 
36.3 5.07 
41.4 4.81 4.21 
23 31.2 5.60 4.90 q 
36.2 5.15 4.50 
41.4 4.84 
30 31.2 4.35 5.21 ig 
36.2 2.77 5) 
41.4 2.53 4.29 2 
32 31.2 4.59 5.82 
41.4 2.65 4.77 
37 31.2 4.38 5.79 101,000 
36.3 3.7: 4.92 118,000 
41.4 5.62 134, 200 
ee Length of approach section x, = 52.1 cn. b 
17 57.2 5.82 5.29 246,000 
62.4 4-40 255,000 
67.5 4.18 278,000 
18 57.2 5.19 5.15 246,000 =. 
62.4 4.37 4.32 255,000 
67.5 4018 4.10 278,000 
21 57.2 4.51 5.55 196,000 ._ 
62.4 5.97 4.39 215,000 
67.5 2.60 231,000 
71 57.2 4.% 5.25 210,000 Pa 
62.4 8.97 4-41 220,000 
75 $7.2 261,000 
62.4 5.15 286,000 
67.5 4.36 209,000 
73 $7.2 291,000 ane 
67.5 5.94 4.02 243,000 
Length of approach section x, = 103 ca, ‘ 
58 107.1 4.22 616,000 
112.1 5.21 5.76 642,000 
117.2 4.91 2.55 675,000 
59 107.1 6.1 4o45 615,000 
112.1 2.90 642,000 
117.3 5.24 5.64 674,000 
62 107.1 4.39 4.76 410,900 
117.1 5.79 411 426,000 
117. 2.98 447,200 
6 107.1 4-54 
117.1 5.39 4.33 
117.2 3.58 4-15 
107.3 3062 4.74 
112.1 5.92 428 
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(4) waree 


Jo 410° OR 70" 


ATER 


(At 


MEAT TRANSFER (ate 


(Cmte) 
| TT elelo 
a2 


irom a consideration of the nature 


flow near the leadme edge 


iry 


iver with a lamimar sublaver 


distance (4) at which 


lhus result might have been predicted 


of a flat plate 
Starting at the leading edge the boun 
layer is wholly laminar, its thick 
ne imecreasing with distance down 
tream until breaks more of less sud 
denly to form a turbulent boundary 


both regions 


occur corresponds te a eritical 


Rex 


“ 


laver determining 
the wet section, whether im 


where the boundary 
or turbulent, or 


r, and »,,. as well 


Fig. 3. Comparison of data on evaporation of water from flat surfaces. 


ot several hundred thou 


For the laminar boundary layer Pohl 
hausen (75) has developed a theoretical 


Consequently the flow conditions relation for heat transfer which may be 


rate of re-derived for mass transfer. The re 


mass transfer will depend on the 


pated, therefore, that jp would depend 


loca- sult is 
the 
layer iS jp = 0.323 Re,~' ( ) | 
overlapping 
It might have been antici- (4 
(Re), This is based on a momentum balance 


m the boundary layer and the represen 
tation of both velocity and concentration 


gradients by cubic equations. Equatior 
(4) represents pomt values and not the 
imtegrated average value of jp fron 
Oto r,. (Pohlhausen assume: 
different velocity and temperature pro 
tiles and obtained the constant 0.332 i 


JAKOB - DOW 
MEAT TRANSFER | 


FOR MEV SEE FHI 


stead of 0.323) 

Equation (4) cannot be expected t 
apply if the boundary layer 1s turbulent 
but it suggests the basts for an empir 
ical correlation The same reasoning 
was followed by Jacob and Dow (7 
who correlated their data on heat trans 
fer to a cylinder placed parallel to ar 
air stream by the equation 


ha 


(0280 Re” ‘| 


Their tunction of «, and a, was trie 
with the present data, but a somewhat 
better correlation was obtained with the 
empirical form 


‘ 
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Fig 4. Correlation of data on evaporation from flat surfaces preceded by dry 
approach section 
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TMZ 25. SVAPORATION OF 


Evap.Rate ts 
fun g./sec. 10° (ec) on./sec._ 
Ewap.Rate t 0 
Water-Air; diameter = 1.35 om.; Length = 4.65 Run ¢./see. x 10° (#2) Re, 
Vetted Surface = is. 7 sq. ca. 


= 1.35 em.; Length = 3.4 
ted Surface = 14.4 oq. ca. 


6.35 5.0 354 4,000 
10.99 48 
9.05 4.7 
10.92 4.7 8,300 
12.40 9,000 
6.71 5,080 


8.01 . 6,400 
8.45 . 7,400 
9.82 3.3 8,900 
3.66 3.9 1,450 
4-45 5.9 2,220 
$.62 6.4 2, 

6.30 6.7 8,600 
5.1 7.0 2,020 
8.12 5.1 6,640 
13.91 4.9 1,080 12,000 


~ 


OVO IOS 


w 


TABLE EVAPORATION PROM CYLINDERS 
TABLE 2 C. EVAPORATION OF CARBON TETRACHLORIDE PRON CTLIMOERS 

ec. x 10° (°c) 
Cylimter diameter = cm.; Length = $5.7 on.; 
Wetted Surface = 25.5 s0.c%. Cylinder Diameter = 1.55 en.; Length = 5.4 em.; 
Wetted Gurface = 14.4 


Evaporation of Vater into Carbon 


12.11 2 3,280 12.5 
4,650 9.5 


770 iz 

653 

$12 ‘ 6,500 7.7 
45 16. 

17.55 7,720 6.7 
159 
720 
960 


“ee 


rode 


20.60 1 8,100 


1 
1 
1 


18.81 6,200 
—--~-—- -- --- 15.80 4,970 

Evaporation of Water into Helium 14.56 2,110 
2.9 10.92 1,900 
2.2 
1.4 
7.7 
0.7 
15.8 
12.7 


CARBON 
TETRACHLORIDE 
AiR 


WATER -CO, 

i 

WATER-AR 

- WATER- CO, 

~ WATER - He 

- An 
CCla- AiR 


C127 


WATER -AIR 
SLOPE «#067 


04 08 08 40 20 2 


scumior wumece, 404 2 2 4 
pov REYNOLOS NUMBER , 1.27 Re, 
Effect of Schmidt number on mass-transfer Fig. 6. Correlation of data on evaporation from cylinders 
coefficients for transverse cylinders. using several liquid-gas systems. 
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2.22 
1.34 19.0 SS 
1.18 17.9 a3 
1.35 18.6 8 
1.75 20.3 
0.86 17.0 6.5 
3.05 23.2 
2.91 21.9 7.7 
2 8.0 
7.7 
94 
3 8.4 
4 100 7.9 
102 
104 16.0 
2 106 11.5 
108 11.0 
110 9.7 
112 12.0 
114 7.8 
116 5.8 
—$ | 238 
2.44 
2.22 
| 
cll 0.90 
cw 1.44 
7.0 
12.5 
17.2 
oe | 
SLOPE #0 56 le. 
4 
‘ 
Fig. 5. 
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Of 
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OF waren 


WOT 4 0) 
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SUBLIMATION OF MAPHT 


REYNOLDS 
Fig. 7. Comparison of data on cylinders with data on heat transfer and skin friction 


Inserting the value of 0.60 for Sc for 


water m air, this becomes 


0.0415 | 1 - ( 


(6a) 


e Schmidt group is omitted, since all 
data with water in 
0.60. Data (all 

ests) are plotted in this form on Figure 
which also shows a line representing 
he heat-transfer data of and 
Data of Powell (16) for evapora- 


were obtained 


for which Se is 


Jacob 
dow 
gion of water from cylinders parallel to 
mr air stream, not shown on Figure 4, 
eree with the present data at low Rey 
(10.000 to 30.000) 
lacob and 
the 


ds number 
th the 
4) 
bow 


and 
Dow heat-transfer 
vicinity of 100.000 to 
the air 
layer 


iny value of speed, the 
breaks at some 
Both 


ire necessary to fix the deg 


boundary 
less fixed value of 4 
ree to 


h the wet area overlaps the critical 


insuthcient It is 


fortuitous, therefore, that a good corre 


wea? reavsrce 
yp WATER 
~ 


ot the 
function of 


lation is obtamed on the basis 


ywroduct of and a 


*.. More data are desirable, therefore, 

in which both x, and #, are varied inde 

pendently (Jacob and Dow did not vary 
r, independently of since 
held constant ) 


was 


Cylinders. Data were obtained using 
a 2.62 cm. O.D. cylinder in studying the 
evaporation of water into air. A cylin- 
der 1.35 em. O.D. was used for water, 
benzene, and carbon tetrachloride in air, 
and a 1.42 cm. O.D. cylinder for water 
in carbon dioxide and water in helium 
The range of Reynolds numbers 
900 to 29,000, with gas temperatures 
from 20° to 60° C., and velocities from 
115 to 1600 cm./sec. Data for approxi- 
half the with the two 
cylinders summarized m 


Was 


tests 


are 


mately 
smaller 
Table 2 
As in the case of flat surfaces, 
have been plotted as Re 
plot excellent 
ment between 1.35 
inders 2.46 long and cylinders of 
4.65 com This 


data 
A pre- 
agree 


In VS 


luminary showed 


results for cm. cyl 


em 


the same diameter long 


check indicated the end effect, due to the 
support and cap at the two ends of the 
cylinder, to be negligible with the tech- 
nique employed for obtaining an aver- 
age surface temperature. Values of jp 
were some 10% higher for a 2.62 cm 
cylinder than for one 1.35 cm. O.D. at 
the same Re. This is explained by the 
restricted air passage when the larger 
cylinder was used, and the greater air 
speed at the restricted section. Data to 
be discussed were all obtained with the 
1.35 cm. and 1.42 em. O.D. cylinders 
for which the restriction of the air flow 
very small. Careful Pitot-tube 
traverses at the test section showed the 
gas velocity to be nearly constant over 
the central third of the diameter 
to be 27% greater than the average 
for the duct as a whole. For 
this reason the approach gas velocity is 
taken as 1.27 1, in Re and jp, where 
U, and Re, are based on the average 


was 


and 


velocity 


velocity obtained from the orifice read- 
ing. 
Data were first plotted on logarithmic 


K 
coordinates as Pp vs 
and the data for 
air, water-CQO,, etc.) represented by a 
line having a slope of —0.43 
cepters were then plotted as 


1.27 Re, 


each system (water- 


The inter- 


1.27 U.P 
vs Se 
K .fny(1.27 
in order to verify the exponent 0.67 used 
on the latter group in calculating jp 
The result is Figure 5, where the four 
solid points represent best lines through 
each of the four sets of the 
first graph. In the water 
helium, the value of S¢ 


data on 
case ol 
varied consider 
ibly with leakage of air into the helium 
and the individual points are shown. It 
is evident that the exponent 0.67 is rea- 
sonable, although good agreement could 
be claimed with the exponent 0.56 found 
by Gilliland (4) 


evaporation m a columr 


and Sherwood for 


wetted-wall 


e 2 
NUMBER, 


Fig. 8. Comparison of data on spheres with results for 
heat transfer with Williams’ correlation. Abscissa is 


1.27 Re. for present data. 
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MEVNOLOS Fe, 


Fig. 9. Data on evaporation from two faces of discs placed 
at right angles to the gas stream. 
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The International Critical Tables 
value of D, was used in calculating 5: 
for water-CO,, and for 
water-air; the other values of D, were 
obtained from the Gilliland (3) equa- 
For helium carbon dioxide 
contamimated with air, weighted mean 
values of D,, w, and p were used, based 
on the 
in the two gases. 

Figure 6 shows the data collected as 
Re, with a solid line of slope 

0.43 best representing the points. Al- 
though it would appear that a steeper 
line should be drawn, the slope —0.43 is 
best for each system. The equation of 
the solid line is 


benzene-air, 


tion and 


measured concentrations of ait 


Ip VS. 


Ip = 0.36 (7) 


which is the recommended empirical 
equation for transfer to single 
transverse cylinders in the range Ke 
1,000 to 30,000 and Sc 0.5 to 2.2 

These results are compared with the 
data of other investigators in Figure 7, 
which show Equation (7) to be in 
good agreement with earlier data. Not 
only do the data on mass transfer agree 
with the corresponding results for heat 
transfer to single cylinders, but the 
agreement with friction data is also ex- 
cellent. This is evident by the fact that 
the heat-transfer line shown is also an 
excellent representation of the skin 
friction data for cylinders, as obtained 
by Goldstein (5) by subtracting the 
form drag from the total drag. 


mass 


Spheres. Data on evaporation from 
two sizes of single spheres are shown in 
Table 3 and in Figure &, which show 
the points for water in air well repre- 
sented by a single line, and a second line 
of steeper slope through the points for 
It is not 
understood why the Sc* in jp failed to 
bring the data for water and benzene 
together, in this instance, though it is 
that the surface of the 
sphere may not have been completely 
with high 
values of Re, condensed 


evaporation of benzene im air. 


concetvable 


wet benzene, especially at 
or that water 
from the air in some tests.* Because ot 
driving 


weight 


the greater force, greater 
liquid 
density, the volume rate of liquid feed 
necessarily 


molecular and smaller 
times as 
and 
sur- 
wet 


hive to ten 


lor 


was 
water, 
that the 
face was not always completely 
Water data are doubtless the 
lable 

Figure 8 also shows the line obtamed 


great benzene as 


there was some evidence 


more re 


by Williams (23) im an extensive un 
published study of the data of Powell 
(16), Froessling (2 


W ilhams 


(20). 


Johnstone and 
Hiatta et al (6), Taka 
Whitman et al (22) 


(a) 
hasi and 
* Tests made with air specially dried by 
silica gel gave the same results 
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Most data considered by Williams were 
for evaporation of liquids from rela- 
tively small liquid drops, though a few 
were for spheres comparable in size to 
those used in the present work. It is 
evident that the new data on water in 
air agree well with the correlation of 
Williams. The upper dotted lines repre- 
sents the correlation of data for heat 
transfer to spheres in air as recom- 
mended by McAdams (1/2). These re- 


TABLE 3. 


Evap.Rate 
g./sec. x 10° (°C) 


sults cannot be compared with f/2 for 
spheres, since the data on total drag 
have not been separated into form drag 
and skin friction 


Discs. Data on evaporation from both 
faces of the two small discs are shown 
in Figure 9, which again shows a corre 
lation in terms of jp vs. Re. Data 
plotted were obtained with the disc 
placed normal (at 90°) to the air 


EVAPORATION FROM SPHERES 


U 
° 
em/see 1. Jp x 10° 


Water-Air; Diameter = 2.48 cm.; wetted surface = 38.1 9q.0m. 


sq. Cm. 


Benzene-Air; Diemeter = 27.48 cm.; wetted 


§15% 


“eee 
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surface = s8c.cm. 


orn 
aw 


‘ 
810 
4:35 28.6 
3.14 25.2 38,200 7.65 
815 2.80 24.6 629 35,800 6.48 
$16 2.34 24.3 123200 6.65 
$17 23.8 10,800 84 
£18 1.5 23.6 292 8,600 7.5 | 
£19 1.72 25.9 258 7,400 8.47 
£20 1.22 25.4 508 6,600 9.07 ‘ 
821 0.36 24.1 210 7,800 9.78 
822 5.62 22.6 164 5,900 9.22 
823 4.04 23.9 a> 4,400 9.30 
$25 4-95 21.8 1.060 25,200 6.11 se 
826 2.54 23.4 1°28 27,400 $624 
827 2.57 17.2 1’: 0 32,300 5.2? i 
828 6.25 17.5 39,200 4.38 
£29 4.77 22.8 154% 41,500 4eT? 
£30 4-45 22.3 1°530 40,800 
$31 5.74 28.5 1°230 40,500 
S32 1.32 24-8 909 32,000 
23.9 143 5,400 5 
D =,900 
S3z ace 20.4 
824 1.11 
826 1.80 29.7 5,700 
$37 1.96 50.0 8,100 9.56 
£29 2.86 0.5 1 765 18,700 
£40 3.12 20.3 22,200 6.64 
S41 5.56 27.42 1°590 28; 200 5.58 
$42 209% 27-1 29,200 5.06 
S43 2.31 26.9 27,800 5.51 
844 1.37 25.8 21,600 
845 0.78 23.8 18,400 5.9% 
per 0.56 21.6 2160 5,800 5.77 
20.0 176 2,100 10.27 
£15 9.2 
£154 
$156 8.9 9,200 
8157 9.8 238 7,600 59 
7.9 164 6,500 6.92 
$158 127 4,700 8.48 
£159 7.6 2,900 15.62 
£160 8.5 108 11.42 
£161 11.9 195 &,100 
£162 9.2 285 5,500 12.71 
S162 6,400 
$164 04 32600 8.08 
8165 416 6.97 
£166 15.2 540 11,200 
$167 15.7 626 15,200 5.52 
17.3 5.17 
£168 820 20,600 4-29 
£169 17.2 22,400 4.2% 
£170 20.8 920 4.21 
22.8 1140 26,200 
32,200 ee 
1480 41,700 3.68 


stream, Values oi were 36 lower 
with the disc at 45°, and 7% lower with 
the dise at O° (parallel to the air flow) 
These m uy be compared with the result. 
of Powell (16) for 
the upstream tace of a disc, as indicated 
by the dotted Powell found the 
maximum rate from the upwind face of 
1 dlise set at 40°. With the dise at 90 
Powell found the rate to be 10-154 
greater trom the upwind than from the 
hwnwind face 


evaporation trom 


line 


Summary 


When expressed a linn Ju, Ov 


heat transter, and 
well m the range of Re 
cvlinders 
pl aced normal to 


(lata on mass transtet 


Iriction agree 
trom 1,000 to 
turbulent gas stream 
excellent for flat 
plates involving no dry or unheated ap 
proach section near the leading edge. [1 

case ot 


Agreement is also 


spheres jy and 
ithin a few per cent tor 
3,000 to 40,000 


ire 


ly aAgitee 

of Ke 
kin fri 


value 
rom data on 
ivatlablk lor 
Mass-transier rates in turbulent air 
may be expressed by the follow 


mw empirical relations 


reat 


OO, 


Plat surfaces, with approach 


Prigth « 


section ot 


or Ke, to 7 1, and 
to O95, and 13 te 103 en 


binwle evlinder, 


phere 


Re 2 te 5 
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Notation 


specitic heat o 


sphere 


diffusion coefficient, or diffu- 
Sivity, sq.cm. / sec. 

Fanning friction 
mensionless 

heat-transfer coefficient, g.cal./ 
(sec. ) (sq.cm.)(° C.) 

K Paw 
duct U, 1s replaced by 
1.27U,) 


factor, di- 


(Sc)* (in small test 


thermal conductivity 


ioe if 

Mass-transter cocthcrent 

moles /(sec.) (sq. em 

mole /cu.cm. ) 

log mean pressure of inert of 
nondifiusing gas, atm 

partial pressure water vapor im 
air, mm. Hy 


total pressure, atm 


Revnolds munber 


pb 


temperature 


Schmudt group 


iverage 
( 


average 


stir lace 


velocity of gas stream 
cm 
trom 


distance downstream 


leading edge ot plate cm 
length of unheated or dry sex 
plate preceding 
heated or wet portion, em 


thon 
total length + trom lead 
edge to downstream 
of heated or wet section of 
plate cm 
length ot heated or wet section 
ol plate, cm 
yas Viscosity, g./ (sec. )¢cem.) 


function appearing im 
tion (2) 
gas density, ¢. ‘cu.en 
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Discussion 


Anonymous: In connection with the 


experiments mentioned, Dr. Sherwood 
sail that the suriace temperature of the 
flat surfaces 


over the 


was from two to five de 


grees wet-bulb temperature 
Was the surface thoroughly wet? 
T. K. Sherwood: 


have 


(Ot course, if you 
i pan with a porous material im it 
keep the 

will 


upper surtace completely 
still get a temperature 
ibove that ot the wet bulb. The entire 
surface of the test object was not com- 


wet, you 


pletely wet, of course, but the vaporiza 
thon surtace was comple tely wet 

G. G. Brown (University of Michi 
Ann Arbor) 


relate expermmental data using various 


gan Your efforts to cor 
exponents on the Schmidt group brings 
to mim! a paper presented at the Tulsa 
found his data in 
the turbulent region for packed towers 
could be better correlated by leaving the 
lf this is 
xpect the Schmidt num- 


meeting. The author 


Schmidt number out entirely 
true would vou 
her to appear with cifferent exponents 
for different conditions 

T. K. Sherwood: We thought at one 
time that the Schmidt group was rather 
unimportant for gas flow im packed tow 
ers. It that the effect of the 
Schondt group is smaller for turbulent 
flow over packing or bluff objects than 
for flow over 


may he 


1 smooth surface paralle! 
this is hard to 
vaporization or absorption 
Schmudt 


trom (1.6 to 


to the gas stream. but 
detern me by 
tests where the group can he 
varied only thout 2.5 

Reqiena 
( anada 
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(Om 
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Montreal 


March, 1950 


D. = 10 
j il 
15 
A 
Pa 
oo 
DU» M 
bs Re 
op 
rv 
— 
: 
(8) 
a 
(6a 
7 
Single 
at 
ts 
D = diameter of cylinder, 
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HEAT AND MASS TRANSFER 
FLUIDIZED SYSTEMS 


K. N. KETTENRING*, E. L. MANDERFIELD, and J. M. SMITH 


Purdue University, Lafayette, Indiana 


Rates of heat and mass transfer between the solid particles and the 
gas stream were measured for silica gel and activated alumina fluidized 
in air. Data were obtained in a vacuum-jacketed glass tube 2.3 in. in 


diameter. 


Particle-size ranges studied were 14-20, 20-28, 28-35 and 


35-48 mesh, and the air mass velocity was varied from 300 to 750 
lb. /(hr.)(sq.ft.). Mean temperature and partial pressure differences be- 
tween the fluidized solid and gas stream were evaluated from thermo- 
couple readings taken at intervals through the height of the bed. 

The results, interpreted as heat and mass transfer coefficients, 4, and &,, 
were correlated by the dimensionless equations : 


A, 35 ) 
“ 


ty 


“ae 
( ) 


Variations in void space and particle density were insufficient to estab- 
lish completely the influence of these variables although incomplete 
data indicate a small increase in the coefficients with an increase in 
particle density. The low values of 4, and &, in comparison with the 
results for fixed beds, and their increase with particle size, would be 
expected from the fact that the particles tend to move with the gas in 


the Huidized condition. 


NE of the cl 
im reactors m 
lytic material js 
oft reactant 


maracteristics observed 


vhich the solid, cata 
fluidized in the stream 
gases is the uniformity ot 
temperature in the direction of gas flow 
within the bed 
small, even in 
cases where the heat of reaction is large 


This is in decided contrast to the situa 


Temperature variations 


in the axial direction are 


tion existing m fixed-bed reactors 
where 
100° F. between the 
the bed are 


this contrast on the 


temperature differences ot 
top and bottom ot 
net To explain 
ability 
of the solid particles in the fluidized case 
to move rapidly 
reactor t& 


ichieve the 


basts of the 


irom one part of the 


nother ind this 
ettects 
ts Necessary to 
ransfer rate 
ticles and the gas. If 


way 
of thorough mixing 
postulate a high heat 
between the catalwst par 
this were not so 
the rapid mixing of the particles would 
not be effective in reducing the temper 
reactor. Since 
the area for heat transter per unit vol 
ume ina fluidized system ts very large 


because of the 


gradient within the 


small particle size, the 


* Present address FE Pont ck 


Nemours & Cx Arlimgton 
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heat-transier rate can be quite high even 
though the heat-transfer coefficient. be 
tween gas and solid phases, is itself low 
For example. if the fluidized particles 
ire spheres of an average diameter of 
0.0029 in. (200 mesh) and the spheres 
in the fixed bed are 0.25 in. in diameter 
the surface area per unit volume of re 
would be 43 
times as large as that in the fixed bed 
(allowing for 50% increase in porosity 
upon fluidization ) 

Results of McCune and Wilhelm (3 
m the measurement of transfer 
coefficients in solids fluidized in liquids 
lend validity to the belief that it is not 
the high transfer coefficient, but rather 
the large area. that leads to high trans 
fer rates in fluidized systems. Their re 
sults led to mass transfer coefficients for 
the evaporation of naphthalene balls, 
fluidized in water, which lower 
than those for a single ball of the same 
diameter held in a fixed position in the 
stream. 


actor for the fluidized case 


mass 


were 


The purpose of the present work was 
to study further the transfer rates im 
fluidized beds by measuring the rate of 
desorption of water from solid particles 
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fluidized in a stream of air, By obsery 
ing gas temperatures as a tunction ot 
bed height, it was possible to determine 
both heat and mass transter coethcients 
between the solid particles and the air 
streani 


Scope of Work 


to utilize the scheme of de 
from the solid par 
must 


and 


In order 
sorption of water 
ticles, the material 
capacity tor 


have a high 


water also must not 
iwelomerate at high moisture contents 
Silica gel and activated alumina were 
found to satisfy these requirements and 
were used in all the tests 

While it would have been desirable to 
study particle sizes as low as 300 mesh 
the bed height required for saturation 
of the air i§ too small under those con 
ditions to measure satisfactorily the 
temperature the bed. Ac 
cordingly transfer co 
etherents 


gracdhent im 


heat aml mass 
were evaluated for four par 
ticle-size ranges, 14-20, 20-28, 28-35 and 
35-48 mesh, and for air mass velocities 


of 25) te 750 Ib. / Chr.) (sq. ft.) 


Experimental Work 


fhe central feature of the apparatus, 
shown schematically as a whole in Fig 
ure 1, was the vacuum-jacketed glass 
tube in which the solids were fluidized 
It was 2.3 in. in diameter (1.D.), 23 in 
long, and fitted at either end 
screens to hold the solid particles 
attached to 
which contamed manometer ports 


with 
The 
caps 
and, 
at the bottom, openings for compressed 
air and for 
the solids 

in the silvered to reduce 
further heat transfer with the surround 
ings. 

Air fed to the bottom of the fluidiza 
tion tube first was thoroughly dried with 
silica gel and preheated electrically as 
shown in Figure 1. The drier was of 
ample size and the silica gel regenerated 
frequently to make sure that the air en- 
tering the bed had a negligible moisture 
content. The rate of evaporation of 
water was determined by weighing, be- 


screens were brass 


charging and discharging 
Inside surfaces of the jacket 


tube were 
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Fig. 1 


tore and after the run, a silica gel ab 
sorber placed in the exit line trom the 
fluidization tube. The dry air rate was 
measured with a rotameter placed after 
the absorber as shown in Figure | 

(,as temperature at the bottom of the 
bed was measured with a copper-con 
tantan thermocouple placed directly be 
low the lower screen as illustrated in 
Figure 2. The temperature at any bed 
eight was determined by a differential 
thermocouple with one junction at the 
hottom of the bed and the other at the 
preseribed bed depth. Thus the temper 
ture drop of the air as it passed 
through the bed was the measured quar 
tity, but the actual temperature level 
could be obtained trom the bottom thet 


noacouple reading. During the first part 


t the work a single, movable thermo 


couple junction was emploved to deter 
mine the temperature drop at different 


hed height Hlowever the multiple 


junction, fixed position assembly shows 


im Figure 2 was tound to give more re 


productble results and wa ubstituted 
tor the orginal scheme Phe assembly 
‘ small i po ible 
vide and 1/16 in. thick n order to 
ecuce its etfect n the flow conditions 
vithin the bed. Positions of the jun 
tons on the assembly pomded te 
bed heights of '% ; » land 2n 


In order to avon! large changes im the 


norsture content of the solids. and hence 


change m fluidization conditions, it 
was necessary tor the run time to be as 
short a pos ble This require special 
ittention to the probe i reaching 


steady-state conditions betore the run 


was started The plan of operation 
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Schematic Drawing of Apparatus 


TO SELECTOR « 
SwiTcH POT 


ar 


tnally adopted consisted of the tollow 
ne steps 

1. Adjusting air temperature t 
value while 
fluidization tube 


proper bv-passing 


tw 


Introduction of solid material at a 

temperature as close as possible to 

equilibrium temperature obtaine:! 
during run 

Passing ai through bed for sev 
eral minutes to allow system to 
ipproach thermal equilibr wn 

+ Finally 


ibsorption tube for a measured 


passing exit gas throug! 


time interval, usually 3 min 


At the beginning of each test the par 
ticles were approximately saturated an 
the usual change in water content dur 


mg a run was about 3° bw weight ot 
the dry solids 


Heat Transfer Coefficients 


Vethod ria To evaluat 
the heat transfer coefhiment, the tem 
perature difference between the gas 
stream and the fluidized particles must 
he known, Gas temperatures were meas 
ured directly, but not the particle tem 
perature. However, if there is no heat 
transter with the surroundings, and the 
bed height is sufficient, thermal equili 
brium will be obtained and the solid tem 
perature will be equal to that of the an 
Since the motion of the particles 1s 
rapid within the bed, the solid temper 
ature should be essentially constant lf 
this assumption ts made, a knowledge ot 


various bed 


the va temperature at 
hewhts is sufficient to evaluate the heat 


transter coethcrent 
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Fig. 2. Thermocouple Assembly and Lower Section of Bed. 


SLITS 


THERMOCOUPLE TUBE 
JUNCTIONS AT CEFINITE INTERVALS 


BAFFLE 


CATALYST REMOVAL TUBE 


HEATER 


The type of temperature distributior 
observed is illustrated in Figure 3 where 
experimental data for run 158M are 
plotted. When the dry air first meets 
the fluidized particles, the driving force 
for evaporation of water is large, and 
the corresponding rate of heat transtet 
from the air to the particles to supply 
Accord 
ingly, the temperature gradient of the 
air is rapid at first, but then decreases 
until at a bed depth of about 2.0 in. (in 
run 158) the air temperature is con 


the heat of evaporation is high 


stant. At this point the mousture content 
of the air is the equilibrium value with 
respect to the solid particles. No further 
transfer of water or heat between the 
gas and party les occurs as the air passes 
on through the bed. For this particular 
run the solid temperature is seen from 
Figure 3 to be 704° F. In order t 
ensure the attainment of equilibrium, the 
total bed height was 
at 4 im 


usually maintained 
Thicker beds were not desirable 
because of the increased possibility ot 
variations in solid temperature 

The usual equation for heat transfer 


dq (1 


may be handled to evaluate 


the heat transfer coefficient, A lf A’ 


two wavs 


represents the area of fluidized particles 
per unit height of bed, and g total heat 
transfer per unit time in the entire bed 
direct integration of (1) leads to th¢ 


tollowing torn 


a er 
ig — 
tube 
| 
a 
Hs 
4) 
4 Uncttvered Pressere Goge | ik 
Soude 
: 
ome, 
\ 
| 
it 
h (2) * 
r, 
ore i’ (t, — t,)dz 
o 
a 
Be 


MATERIAL FLUIDIZED 


TOTAL BED HEIGHT 


23388 


AIR MASS VELOCITY 


INTEGRAL, ~ tg) 


8 8 


AIR TEMPERATURE - *F 


8&8 


(4, = 0.0198 IN) 


THE SHADED AREA REPRESENTS ‘HE 


ALUMINA 


26-35 MESH 


3.3 iN 


417 L\BS/HR SO FT 


° 


@ 
Oo 


SOF 


SOLID TEMPERATURE 


HEAT TRANSFER COEFFICIENT ~h, SQFT 
° 


SILICA GEL DATA 
14-20 MESH, 4, = 0.039 IN | 
© 20-28 MESH, 4 =0.028 IN| 
35-48MESH, 4, =0.014 IN | 


| 


| 
| 
| 
| 


300 


oso 10 is 20 25 
HEIGHT ABOVE BOTTOM OF FLUIDIZED BED, INCHES 


Fig. 3. Air Temperature vs. Bed Height for Run 158. 


The integral, and hence h,, can be ob 
tained by measuring the area included 
between the gas temperature curve and 
the horizontal line representing ¢, on 
Figure 3. 

Since both the silica gel and alumina 
particles employed were of irregular 
shape, the true area for heat transfer 
was difficult to determine. However, an 
apparent area, which will reflect the ef 
fect of particle size 
assuming that the particles were spher 
ical and of an average diameter equal 
to the mean of the mesh-size openings 
With this procedure the effect of par 
ticle shape is not taken into account and 
may influence the heat transfer coefh 
As will be seen later, no discern 


was evaluated by 


crent 
ible difference was found between the 
results for alumina and silica gel indi 
cating either that particle shape is un 
mportant, or more probably, that the 
silica gel and alumina particles were not 
greatly different. The area per unit 
height, 4’ 
m of dry solids and the observed total 
height of the fluidized bed, according to 
the equation, 


was computed from the mass 


Om 
(3) 
In this expression, x, designates the to- 
tal bed height and d, the average par 
ticle diameter computed on the basis of 
spherical 


shape as previously ex 
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plained. The density of the solid matet 
ial, p,, was measured by water displace 
ment of the saturated particles and 
found to be 1.30 g./cu.cm. for silica gel 
and 1.60 for alumina 

Consistency of the temperature meas 
urements in the gas phase can be ex 
amined by writing Equation (1) im the 
second form, 


and noting that the logarithmic mean 
temperature difference is applicable. 
Under these conditions, for any bed 
height +, Equation (4) can be inte 
grated to give 


h, qs (5) 
A's (be — 

Here q, is the heat transfer rate up to 
a bed height of x, and (t, — t,);. is the 
logarithmic mean of the temperature 
differences at the bottom of the bed and 
at the height +. The reliability of the 
gas temperature measurement at any 
value of x could be checked by compar 
ing the coefficients computed from 
Equations (2 )and (5). In general the 
agreement these values was 
good. For example for run 158 (Fig 
3) h, from Equation (2) was 4.0 B.tu 
(hr.) (sq.ft.)(° F.), while Equation 
(5) gave values of 4.3 at x = 0.5 in 


between 
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350 400 500 €00 
AIR MASS VELOCITY, G, /HR S@ FT 
Fig. 4. Effect of Particle Size on Heat Transfer 


700 800 


¢ 

and 3.9 at « 1.0 in, Results from the 
graphical integration were used in the 
correlations. 

Equation (2) is valid regardless of 
heat exchange between the fluidized bed 
and its surroundings, provided the heat 


transferred, g, is computed from the 


weight of water evaporated. On the J 


other hand, Equation (5) rests upon the 
assumption of adiabatic operation. The 
approach to adiabatic conditions can be 
checked by determining the heat trans 
ferred, gq’, based upon the mass flow 
rate of the air, its specific heat, and its 
over-all temperature drop through the 
bed. In analyzing the data, all runs for 
which ¢g and q’ differed by more than 
15% were discarded. The average de 
viation from adiabatic operation was 
8%. This procedure also provided a 
means of those runs for 
which steady-state thermal conditions 
were not achieved 


discarding 


In order to calculate g, heats of de 
sorption of water from silica gel and 
For silica gel 
this quantity was computed first from 
heat of wetting data supplied by the 
Davison Chemical Co. (1). Values so 
obtained were 1.14(4/7) at a water con 
tent (in the silica gel) of 15 wt. % 
and 1.05 (SH) at a water content of 
30%, where AH is the heat of vaporiza 
tion of water at the same temperature. 
These results were then checked by 


alumina were required 
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TABLE SUMMARY OF HEAT AND MASS TRANSFER DAT\ 


Average particle diameter 


al lieat Tranef- 
Kate, Btu he 


Ge Mesh Sire 14-20, dp = 6.00826 ft. ( 
‘ Alumina sa ouzss 
Particle Veloc it atrance Solid maton 
Kan Piuidised Biase th ate Temp Temperature BK ts t ) h 
‘ 45a 108.2 “48 121 120 0 pod 
‘ 48 426 5.0 69.5 110 105 0.57 
‘4 Le a2 100 0 “4 112 i4 0.50 
‘ 4“ a2 100.6 ‘ los 103 40 050 
‘ 
‘ az 106.0 106 103 49 
‘ az 106.2 a6 107 112 0.53 
‘ 0.53 
‘ al 106.0 10% 102 41 
oom ‘ a4 “a 106 107 45 ods 
. 
‘ ‘ ” 902 oa 5 40 
£0 16-44 437 613 41 060 
loom sa tor a5 7) 14 0.50 
80 14-20 7.0 7 102 o40 a4 
kK 14-20 ‘ 2.5 “9 a5 ‘ +62 
28 ‘ i’ 705 “1% 40 
SOK sa 94.0 “16 “4.8 oat 
‘A sa 72.1 105 06.7 74 1m 
sa are eno a2 642 696 ac 087 
aun <a 13.2 row 71 16 
HOA 454 97.0 116 108 7 
sa 420 101.0 721 75.9 060 
1A 42 100 32 “8 as om 
} ‘ ‘ 70 7 1.08 
122A ‘ ‘ 1 ‘ 
1044 ‘ 92.0 69.8 10 az 121 
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SC CEL 
14-20 MESH 
© 20-28 MESH 
426-35 MESH 
© 55-48 


PEYNOLOS NO, 


Fig. 5. Correlation of Heat Transfer Data. 


measuring the slopes of the 
obtained by plotting the equili 
water 


straight 
ines 

brium pressure of vapor over 
silica gel vs. the vapor pressure of pure 
vater (the method of Othmer and Saw 

ver (4)) The 
equal to the ratio of the heat of desorp 
tion to that of vaporization of 
water, was 1.15 at 15% 
and 1.08 at 30) water 
culatuny 
heat of desorption at the average water 
content of 
case ot 


value of these slopes 
pure 
water content 
content, In cal 


heat transfer coefficients, the 


each run was used. In the 


alumina, the heat of wetting 
according to available data (6), is less 
than 1.0 cal./g. of water at 20° ¢ 
Therefore, the heat of desorption was 
assumed equal to heat of 
ior aluniuna 


vaporization 


n of brrors. The 
solid temperature 
throughout the fluidized bed may 
duce 


( onsideratu assump 


hon of a wnitorm 
mtro- 
some uncertainty in the results, al 
though this is believed to be relatively 
snall because the total bed height was 
held to as low a value 
sistent with the requirement that equili 
brium be attained. The usuml bed height 
was 4.0m This 


error would be most pronounced at low 


as possible con 


ind the maximum 6.0 in 


velocities due to the low rate of 
turnover of solid particles. The 
tion of the error is such that the trans 


ter coefficients reported here would be 


gas 


direc 


less than the true values 

It does not seem likely that the ther 
mocouple readings within the bed were 
influenced significantly by the solid par 
ticles. The small area and time factors 
with respect to contact between thermo 
couple and solid particles would reduce 
the possibility of heat transfer by con- 
duction between the solid and the couple. 
Temperature levels and differences were 
so low that heat transfer by 
would be very small. 

The visual observation of 
dept! 


radiation 


total bed 


necessary im the calculation of 4’ 
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ALUMINA 
@ 20-26 MESH 
28-35 
* 3-46 MESH 


20 w» 60 so wo 


Surca 
MESH 

_ 28 
— 35-468 
+ 


+ 


+ 


220-28 wise 
26-35 MESH, 
MESH 


was subject to error 
taken to obtain reproducible results, and 
in most cases the error in 1’ 


Special care was 


and hence 
in Ay, was less than 5%. In a tew in 


stances, corresponding to the highest 


gas velocities, a maximum uncertainty 
in 4° of 10° was posstbk 
Nonuniform 


irom the particle surface are 


rates of evaporation 


possible 


and would indicate an error in 4° and 


h,. This possibility was combatted by 


careful wetting of the solids to try and 


obtain uniform water content. Agree 


ment between the results for alumina 
and sihea wel, and the reproducibility ot 
the data for 


veasure of the magnitude of this error 


any one material, are a 


heat 
trom 


Results \ summary of the 
transfer coefficients and the data 
which they were computed are given in 
Table 1. For 


range, h, mereases with the superfieial 


any one particle-size 


mass velocity. This is indicated in Fig- 
ure 4 where the silica wel data for three 
ditferent particle-size ranges are shown 
lt ts also apparent from the figure that 
the heat transter coethcient increases. as 
the average particle size increases. To 
correlate empirically the effects of both 
inass velocity and particle size, the re 
sults were replotted using the Nusselt 
group and the modified Reynolds num 
ber. All for both silica gel and 
slumina, are shown plotted im this way 
in Figure 5. The solid line corresponds 
to the equation 


a d 1.20 
0.0135 ( ) (6) 
k 


and correlates the data with an average 
deviation of 6.3% 
deviation of 17%. 

Equation (6) does not include all the 
that affect the heat transfer 
coefficient in fluidized beds. For ex 
ample, preliminary measurements with 
more dense indicate that an 
increase in density increases /, 


and a maximum 


variables 


materials 
How- 
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Fig. 6. Correlation of Mass Transfer Data 


the difference in densities between 
alumina and silica gel was not sufficient 
to produce a significant effect. Within 
the accuracy of the data the heat trans 
fer coefficient for silica gel and alumina 
same. Void space is another 
factor that would be expected to influ 
Although the extreme variation 
in per cent void space was from 60 to 
SO. it was not possible to isolate a defi 
nite trend of the with this var 
table 


ever, 


were the 


ence 


results 


Discussion. The low magnitude of 
the heat transfer coefficients is the most 
It is not 
possible to make a direct comparison ot 
experimental fluidized 
and tixed beds, because of the difference 
and the difficulty im 
velocity or ship 


striking feature of the results 
coefficients for 
in particle size 
evaluating the relative 
velocity of gas past the particles in the 
fluidized case. lLlowever, at the same 
particle size and at the same superficial 
mass velocity, extrapolation of the Hou 
and Wilke (7) data tor 
beds gives heat transfer coeticients sev 
larger 
This would be expected because of 


packed 


gen 


eral times than those reported 
here 
the tendency of the particles in the fluid 
with the gas and 


reduce the slip velocity to a 


ized bed to move 
therefore 
value lower than that in packed beds 
The concept that the average velocity 
of the gas past the particles must be the 
there 
is no net movement of the solid par 
(hatch 


since it fails 


same im the two cases, because 


ticles in a fluidized bed opera 
tion) does not seem sound 
to take into account the basic cause of 
the motion of the particles. Inasmuch 
as fluidization occurs at gas flow rates 
than the free fall 
Stokes law, the 
movement must be attributed to the ex 
istence of local velocities higher than 
the average across the entire bed. Var 
iations in occur because the 
gas flow is not laminar; vortex forma 


considerably lower 


value predicted from 


velocity 
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2 
ig 
‘ | 


on and eddy currents give rise to non 
uniform 
flow components 
dicular to that airection. The 
les are ir rapid 
and move in a horizontal 


velocities in the direction of 


and velocity 


perpen 
observa- 
tion that the solid partic 
motion as well 
45 4 vertical direction in the bed 


result from the tendency of the 


must 
parti les 
to follow the gas eddies in the bed. This 
Movement 


ship 


with the gas means a small 


velocity and a corresponding |y 


small heat transfer 


coefherent betwee: 


particle and as 
the eddy 
m fluidized beds from the work of 
(rilliland and Mason (2) By ota 
tracer gas they showed that there was 
‘ignihcant down-mixing of the 


Phere 


is evidence sub 


stantiating eXistence of cur 


rent 


Une 


gas in 
a fluidized bed and computed eddy dif 
fusivity 
Near the 


mas 


coetheients from their data 
tube wall the average upward 
velocity is low and high local ve 
locities not as common 
the Therefore, the 

particles tend to fall near the wall 


tem! to rise near the center 


as near the cen 


ter 


ot tube 


solid 
and 


Except possibly at low gas flow rates 
the pressure 


drop per unit height 
through a fluidized bed is less than in a 
packed bed at the gas 


pres sure in 


Same Mass 
both 


turbulence 


ve 


locity. Loss in 


cases 


primarily due to 


and to 
triction between the gas and particle 


W hile 


the pressure drop might be explained 


a low turbulence contribution to 


because of a higher void space than in 


1 packed bed, the low friction contribu 
rhis 
LCCOM pany ing 
fluid 


in qualitative agreement 


Hon suggests a low ship velocity 


lower velocity and 
lower heat transfer coefficient for 
wed beds are 
with the data reported here 

The 


erent with particle 


increase im heat transfer coeft 


size, and apparently 


with particle density, is compatible with 
the concept that the solids tend to move 
the 


particles will have 


the ga From 
t Stokes 


higher 


with point of view 


law large 


hip velocity than small par 


ticles at a velocity of 
different 


the 


comstant ma 


Ka or considered tron a 


port view fo n 


condition of ition, a larwer m: 


iss 
velocity | required tor 


the large pat 
of 


lead to 


transter 


ticles thes proache 


the conclusion that heat 
coethicrent should 
size 


By 


lumina it was p 


udsory tu 


density t 
16 for plain 
data indicate 
ter 


coethcrent 


heavy alun 


expected since 


mecrease as the 


same mass velox 


Mass Transfer Coefficients 


Method of Calculation. Mass trans 
fer coefficients were evaluated by tak 
ing the equilibrium pressure of the 
water the particie surfac« 
equal to the partial pressure of water 
vapor in the 
bed. (This assumption is analogous to 
that of a constant particle surface tem 
perature f, used in the heat transfer cal 
culations.) Then the partial pressure in 
the the points in the bed for 
which the temperature was known, was 
computed heat ( based 
upon adiabatic conditions) according t 
the equation 


vapor on 


air leaving the fluidized 


air, at 


by a balance 


Gcy( ty, ty) (aH) ( 


Conditions at the bed inlet are denoted 
by the subscript 1, while p, and ? repre 
sent the partial pressure of water vapor 
and the total pressure, respectively, at 
any pomt in the bed. From this infor 
mation, charts of p, vs. + were prepared 
for each run and the mass transfer co 
efficient k, determined by graphical in 
tegration using the following equation 


? 


(analogous to Eq. (2)) 


k 


The 


ot desorption ot water trom the bed 


symbol w represents the molal rate 

As pointed out by Sherwood (5). in 
measuring transfer rates for the evap 
h, and k, are 


oration of 


water into 
based upon the same experimental data 
and coefhicrent be 
trom the other 
of using Equation (8) 
ler 


mined directly from A, as follows 


one can computed 


In other words, instead 
the 


have 


Mass trans 


coethcrent could been dete: 


h 


Results 


Ma 


according 


transter coethcients 
Equat om is 


Table 1 The nfluence 


computed 
are shown in 
mas 


related 


velocity and partic 


by use of the 
kop, M 


Data 
these groups m 


the 


number ire shown 
terms « 
traight line on the cl 


to the 


wrt 


equation 


kp M 
( | 


(10 


where p,, and M, represent the mean 


partial pressure an! the molecular 


weight of air, respectively 
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Notation 


area of surface of fluidized 
particles for heat or mass 
transfer, sq.tt. 
= area of fluidized particles per 
unit bed height, ie, A/s 
specific heat of air. B.tu 
(Ib.) (° F.) 


18G 
P 


diameter of solid particle, ft 


(7 


superficial mass velocity, th 
Chr.) (sq. ft.) 

gas film heat transfer coeffi 
cient, B.t.u./(hr.) (sq. ft 

heat of vaporization of water 
B.t.u. 

thermal conductivity 
(hr.) ( ft.) ¢° F.) 

gas film mass transfer coefh 
cient, Ib 
ft.) (atm. ) 

mass of fluidized material, tb 

molecular weight of air, lb 
Ib. mole 


B.tu 


moles / (hr 


partial pressure of water va 


por m ar stream, atm 
fy,~ partial pressure at en 
trance to bed 

partial pressure of water va 
por at particle surface 
atm 

mean partial pressure of ait 
m bed, atm 

total pressure, atm 

rate of heat transfer in fluid 
ized bed, B.t.u./hr 

radius of solid particle (as 
sumed spherical), ft 

gas temperature, ° F 

solid 


of water desorped fron 


particle temperature 
rate 
solid particles, Ib.moles /ht 
height of fluidized bed, ft 
bed 


height of required to 


reach equilibrium condi 
thons 


total bed height 


TERS 


Viscosity (hr 
(ft 
density of 


Ib. /cu.ft 


ot ga> Ib 


fluidized materia 
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Gee 
ie, = 
i 
Ld 
G 
SH 
(8) 
Ry 
a 
re 
i P 
k. (9) 
— Reynold 
particle plotted is 
ure 6. The 
of lead nitrate on correspond 
umina. Incomplete test ¢ 
nC Tease n heat trans 
Greek Leto: 
ot about 25¢ with the 
Th result would be 
the slip velocity would 
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Discussion 


C. F. Bonilla (Columbia 
New York, N. Y.) 
mean coefficient of heat 
lifferential equation for heat flow, 
dq = hAtdA, can, theoretically, be inte 
grated in cither of two ways. If Af is 
known as a function of 4 the equation 
may be separated as follows 


University 
In computing the 
transfer, the 


AtdA / “4 
New 


giving an & 
wer g, which is what the authors have 
omputed. If At is known as a function 
f q, the equation may be separated 


hdA = 
~ 


siving an averaged over the 
lhe important consideration is that only 
the latter 


averaged (reciprocally ) 


area 


average # is usetul for de- 


sign purposes, since Af will not be 
known ahead of time as a function of 
i, but only of g, and the two values 


ire numerically not equal unless Af is 


onstant, which is far from true in the 
resent Case 

I believe, therefore, that in spite ot 
ninor errors that might be introduced 
n this case by computing ¢ from the 


tlow rate and temperature rise of the 


uir stream, a more useful, and in this 


sense accurate, value of h,, would be 
»btained by employing the second 
nethod over part of the column than 


the first method over all of it The 
quation would be expressed 


/ sdt 
A. at 


is the humid heat and HW’ the 
vounds per 


vhere § 
hour of bone dry air. Evi 


lently the whole column can not be em 
Af is reported to reach 


to zero, within the tem 


ploved be cause 
accuracy of the 


perature measurements. Probably the 
wttom half of the column would be a 
able port n 


Vol. 46, No. 3 


An alternative and theoretically even 
more desirable procedure, if it is felt 
that the air temperature curve can be 
drawn or fitted reliably enough, is to 
compute the local é at several positions 
in the botom half or so for each run 
by 


at dA ai dA 


These local values of &, if reliable 
enough, should correlate as j factors at 
local conditions better than the average 
values at “average conditions 

K. N. Kettenring: You mentioned 
the fact that it could be integrated over, 
say, a l-in. depth. Unfortunately, we 
could not do that, because our transfer 
was based upon a measurement of the 
total water evaporated from the bed 
Therefore, a heat transfer over the 1 in 
of bed, we could not use with the value 
we had for q 

C. F. Bonilla: Yes, you could, be 
cause you have the temperature of the 
gas. You could 
temperature of the gas 

hk. N. Kettenring: We did not have 
quite and the 
change im temperature of the gas is not 
ss good a value as the amount of heat 


compute g from the 


adiabatic conditions, 


alculated on the basis of the water 
evaporated, because this is an exact 
measurement of the amount of heat 


transterred across the bed 

R. V. Jelinek (Columbia Univer 
sity New York, N Y.) You men 
tioned that vour surface areas were cal 
culated by assuming that the particles 
were spheres. Is that right? 

K. N. Kettenring: Yes 

R. V. Jelinek: For a porous mater- 
ial like silica or alumina gel, don't you 
think it would be better to use a more 
accurate estimate, like the B.E.T. 
Method of low-temperature nitrogen 
idsorption, which gives you a more ac 
curate measure of the area? 

K. N. Kettenring. The 


evaporation does not 


surtace ior 
include the core 
areas which would be included in ga 
eous means of determination. There i« 
opinion among au 


thors on what the correct surface area 


some difference of 


s. Therefore, we used an approxima- 
tion, which is admittedly an approxima 
tion, and could be corrected by a hay 
tactor for the type of surface and par 
ticle shape 

Anonymous: Was there any partic 
ular agitation or turbulence noted in the 
bed of particles when you were meas- 
uring heat transfer coefficient 

K. N. Kettenring: Of course 
a fluidized bed There 
ind turbulence at all time 

Anonymous: That was the point | 
was trving to get at. Rough calculation 
just showed that the velocity was some- 
thing like a tenth of a foot, 


it was 


was agitation 


or two- 
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tenths of a foot, a second for rather 
large particles, and I think if you had 
used smaller particles at a little higher 
velocity, you might have had better heat 
transference. 

K. N. Kettenring: Smaller particles 
were not used because we could not, 
with our means of measurement, meas 
ure the changes quickly enough, and the 
velocities used were those from the 
minimum, which merely kept the mater 
ial in motion, to the maximum, which 
blew it to the top and stopped the flow 
through the screen. 

Anonymous: With small diameter 
particles, I think it is pretty well known 
that heat transfer due to conduct alone 
high. For a 10 to SO 
particle, the heat transfer coefficient per 
unit of surface would be of an order 
of magnitude higher than has been in 
dicated in this work. 

K. N. Kettenring: These heat trans 
ter coefficients compare favorably with 
values for conduction alone to particles 
of approximately 14-20 mesh, as calew 
lated by us 

Anonymous: On the plot that you 
showed, | noticed that the equilibrium 
was at the 2-in. bed height. What was 
the variation with your different runs 
in that bed height? 

K. N. Kettenring: The bed height 
varied from 4 to 8 in., or slightly more 
if you included the less dense phase. 

Anonymous: Take just the part re 
quired for equilibrium, which 


can be very 


was the 
amount you referred to. That was 2 in 
What was the variation in that—all the 
way up to the complete height of th 
bed ? 

K. N. Kettenring: No; in some runs 
that varied between 14% and 2 in 

Anonymous: Apparently, the results, 
then, are independent of the bed height 

K. N. Kettenring: They were calcu 
lated on the whatever bed 
height was present at that time 

Anonymous: The previous speaker 
mentioned that his results inde- 
pendent of the diameter of his column, 
which in that case was a pipe, and also 
independent of the bed height, and I 
wanted to see how you felt about it 

K. N. Kettenring: Hic was talking 
different heat transfer coefh- 
cient, if remember, the transfer 
from the outside through the walls. Ot 
course, the of heat transferred 
varies with the bed height unless equi 
librium is reached, 


basis of 


were 


about a 
you 


amount 
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b= 
4 h 


N the 


etics 


mdustrial applications of kin 
a knowledge of the mechanisms 
ot chemical 
tablishing the 


reactions ts helpful in es 


optimum conditions of 


operation relative to such variables as 


pressure, temperature, feed composition 


space velocity, extent of conversion, and 
recycling 

This 
the planning of experimental programs 
m apphed kinetics and as an aid to the 
selection of the mechanisms of catalytic 
that 


lost in failing to pursue 


mper is written as a guide m 


reaction It has been observed 


much time 


an orderly experimental program, and 
the 


ciscove red 


in failing to recognize 
(iten it ts 


years of experimental effort that the im 


variables atter 


portant variables were not investigated 


In a previous paper by Hougen and 
Watson (2) 
may be encountered m gaseous reactions 


developed with appropriate mathemati 


various mechanisms which 


when catalyzed by surtiace were 
cal equations tor expressing rates 
In a 


chenneal kinetics 


large measure the concepts ot 


used in this paper also 


‘tem from the work of Evring and 
issoctate 

In any given chemical process sev 
eral reactions may in proceeding con 


but tor 
that 
only ane or two chemrcal steps are rate 


secutively or simultaneously 


each reaction it may be assumed 


From the 
kinetics thi 


contraling 
theoretical 


standpoint ot 
issuMption 1s 


not acceptable, but it usually serves as 
& satisfactory basis for practical pur 
prose 

Where a gaseous reaction 1s catalyzed 


bed ot 


as through a 
et the physical steps 


by flowing the ga 
solid catalyst pell 


mvolved are the transter of the compo 


nent gases up to the catalyst surface 
diffusion of reactants into the interior 
of the pellet, dithuson ot products back 
to the exterior surtace, and transfer of 


the products iro te exterior surtace 


to the mam strear these physical 
steps are 


the 


usually present. To simplify 


data 


interpretation of 


eX perme ntal 
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desirable to 


it 1s minimize the resis 
tance offered by each of these physical 
steps and thus to deal only with the 


chemical aspects of the reaction 
The 
adsorption of reactants with or without 


chemical ste ps involve activated 


dissociation, surface reactions on active 


sites, and activated desorption of prod 


ucts The wuneatalyzed reaction als 
takes place in the main gas stream 
sunultaneously with the surface reac 


This last should be 


importance 


tion of negligible 


where an effective catalyst 
is used 
In addition to the above posstbilities 
fouling and changes m the activity ot 
the catalyst may take place 
It i that an 


study of all these possible effects simul 


evident experimental 


taneously is prolubitive because of com 
that 


oNpe rimental procedure s be arranged to 


plexity. It ts desirable, theretore 


permit separate determination or sepa 
rate elimination of these different et 
tects Resistances to the transter ot 
mass and heat can be minimized by 
operating at sufhcrently high mass ve 
locities to make the partial pressure and 
temperature gradients across the gas 


The 


diffusion of reactants and of products 


film negligible retarding eftect of 
in the interior of the catalyst pellet can 
be minimized by using pellets of small 
The etiect of 
eliminated by extrapolating rate data t 


size fouling can be 


the beginning time of catalyst service 
K 


ind the effect of changing activity can 
continued use of the 


stable state ha 


be eliminated by 
until a 
been attained 


catalyst steady 

The means of minimizing the various 
physical steps and the effects of fouling 
and deactivation will be analyzed sepa 
rately 


Vinmimicing Resistances Dw te 
Transfer of Mass and Heat. The gen 
eral rate of a catalytic reaction im a 
flow system based upon unit mass ot 


catalyst is given by the relatior 


r,dW = (1) 
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YANG and O. A. HOUGEN 


DETERMINATION OF MECHANISM OF CATALYZED 
GASEOUS REACTIONS 


where 

7 moles of reactant A converted 
per (unit time) (unit mass 
of catalyst) 

F = flow rate of feed, moles per 
unit time 

Ww mass of catalyst 

r, = moles of reactant A converte: 


per mole of feed 


Values of the should 
he correlated against the conditions of 


reaction rate r 


composition and temperature whicl 


prevail at the surface of the catalyst 
the 


takes place. 


where catalytic reaction actually 


From equations for mass 
and heat transfer the film gradients for 


partial pressures of each component 
gas and for temperature can be evalu 
However, this correction is trou 
diftieult 
work it ts 
thes« 


significant by flowing the 


ated 


hlesome and uncertam Ir 


experimental desirable, 


possible, to render gradients i 


gas at high 
mass velocities If the rate of a cata 
Ivtn 


velocity the rate increases progressively 


reaction is plotted against mas 


from a value at zero mass velocity to ar 


asymptotic value at high velocities a- 
shown in Figure 1. It 
operate at sufficiently high velocities » 


that 


is desirable t 


film gradients become negligible 


The value of r at zero mass velocity i- 
the reaction rate obtained in a nonflow 
system. It is evident from Figure 


that reaction rates calculated from equi 
residence times in nonflow and flow sys 
are not the same 


tems In general cata 


Ivtic reaction rates obtained in nonflow 
systems are not applicable directly te 
flow systems. Indeed it is doubtful it 
reaction rate data taken in nonflow sys 
tems of gases catalyzed by solid sur 
faces and without agitation in the re 
actor are of any value in reactor desigt 
because of nonsteady state conditions 
and the uncertainty of concentration 
gradients due to natural convectiot 
within the bed 


The general equation for mass trans 
fer is given as 
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: 
4 


where 


AP = Pa Pau 


Experimental data on mass transfer are 
related to kg by the relationship 


ixperimental data on values of jg were 

obtained for mass transfer in a granular 

bed by Gamson, Thodos, Wilke, and 

Hougen (1, 6) and related to a modified 

\ a,G 
“ 


je * 


Reynolds number as follows 


where for values ot 
V a,G 


less than 620, a 244 and 


\ 


te 0.51; and for values of 


greater than 620, a 1.25 and 
n OAL. 

By a combination of Equations (2), 
(3), and (4) there results 


Pa « 


In Figure 2 values of Ap, /fP, are plot 
ted against values of a reaction rate 
number NX for different values of 


\/ a,G/p where 


PD am f 
In Figure 3 values of Ap,/P,4 over the 
limited range 0 to 0.1 are similarly 
plotted. Figure 4 is a cross plot of Fig 
ure 3 where X is plotted against values 
of \/ a,G/p for values of Ap, /P, equal 
to 0.1 and below. Ii the required ex- 
perimental accuracy in reaction rates 
need not be greater than 10% then the 
film gradient can be neglected if 
Ap,/P, is 0.1 or less; for an accuracy 
of 1% the film gradient can be neglected 
if Ap,/f, is 0.01 or less, and so torth 
The film gradients become negligible 
where surface reactions proceed slowly 
and also at high partial pressures of the 
reactants. For example, from Figure 4 

the following conditions prevail: 


PD am 


G 


Effect of Mass Velocity Upon 
Reaction Rates. 


Pig. 1. 


Apes 

pa 

450 

0.1 1700 

5 25,000 

001 80,000 
Thus, if an accuracy of 10% is tolerated 
where the rate number X is 5, the modi 
fied Reynolds number should not be less 
than 450, whereas if 1° accuracy is re 
quired the modified Reynolds number 
should not be less than 25,000 for the 
same rate number 

The rate of mass transfer becomes 
entirely rate-controlling where p, v0 
and Ap,/P. 1.0. This limiting condi 
tion is approached with an ideal catalyst 
where surface reactions are instantan 
cous, Under these conditions the reac- 


40 


30 


Fig. 2. 


Ap. 
— versus X. 
Pa 


(AP./P« range 0 to 1.0) 
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Apa 
versus YX. 


(AP./P. range 0 to 1.0) 


Fig. 3. 
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200 400 600 1000 2000 4000 6000 10,000 200 400 600 1000 2000 4000 6000 


= versus ( at Various Values of \/’, ‘?. for a Fig. 9. Limiting + versus « for a Specific System. 
Specific System. 7 


the were: 
at which the reactants can le (8) ; 

brought up to the surface and the prod ‘ ylindrical pellets 8A A mM 

wts returned. Equilibrium prevails where for values of 40 less than Vist 

he mtertac This lomitinge rate ts , 
t g rate 620. a 2.62, n = 0.51, for values ot oD)? = 0.000507 sq.ft. 

than 620, a’ = 1.35, 300) micropoises 0.07 26 


is controlled entirely by 


shown by the relationships of Figure 5. 
inus trom Figure transter be- 
b n = 041. By a combination of Equa- Ib. /(hr.) Cit.) 
comes entirely controlling and the rate = 
tions (6), (7), and (8) the result is 
umber \ cannot exceed the value. 


iwen for the tollow meg Rev Hy a 6,0 
4 
rolds number A 


In Figure 6 values of At/T are 
plotted against XN’ for various values of 


\ where 


\’ ap 
a,pC,T k 


346 sq. it. feu 


For example, when the modified Rey 
nolds number is 100 the rate number X 
cannot exceed 23, which condition cor Film temperature gradients can be 6.92 sq.it./M 
esponds to the behavier of an ideal neglected if they do not exceed a few 
catalyst degrees Centigrade. If the required ac 
The general equation for heat trarns curacy in reaction rates need not be 
given a greater than 10° then the film temper total pressure 
ature gradient can usually be neglected 
hig@y dt sHr (6) 10,000 B.t.u./lb, mole A 
Gem if AT is less than 10° ¢ These values ; 
converted 
e 
1.50 


D om 


= require veriheation tor specific systems 

: It should be recognized that the temper 

xperumental data on heat transfert iture coefficient for reactions catalyzed 

- related to Ag by the relationship bw solid surfaces is much less than for ( Cy ono 
= noncatalytic ones because of the offset kh ) 

7 ting effects of desorption on the cata ly 0.70 


lytic reactions 


V 620; G = 2,000 Th. / (he 
A Hypothetical System. For a hypo “ 

thetical system the following conditions (sq.it.) 


Ixpernnental data on 3, were ob 
tamed for heat transier m a granular 
hed «7. 6) and related as follows 
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620 
O41 


values of Ap, Pa are 
V, for the 

parameters of G (Fig. 7) for 
Ming 


, are plotted 


various 
values of 
trom to O11 and 
wainst 
ous parameters of Ap,/p, it 
Figure & From |} wure 7 t 
obtained from this 


ire special 


10% 


grachent for mass transfer « 


tolerate 

he neglected for a reaction rate r/\ 
equal to 5 when the ma 


/¢ hee 


velocity G 
greatet 

© reactor th surface 
ts instantaneous 


rate depends upon ma 


ratw t 
becomes equal t und the 


lone 


at Various Values of «. 


For this 


system Is Case 1 
plotted im Figure 9 and values of Aft are 


specihe 
plotted against r for various parameter 
ot G m Figure 10 

For this 


becomes entirely controlling and the re 
\ 


special system mass transfer 
ction rate r , cannot exceed the fol 


lowing values for the given mass velox 


ties ( Fig 9 


to keep the fil 


‘low 10° ¢ tor 


temperature 
this specific svs 
at a reaction otr LO) the 
100) or 


velocity G should he 


(Fig. 10 


nmiass 
greater 
noted that the relation 


Figures 2-10 are 


It should he 


ships given om based 


upon experimental work for water va 
por-ai relatively low ten 


mixtures at 
peratures and ¢ xtrapolated throug! 


erally accepted relationships ot 


transport properties of gases Extensive 
expermmental work im this field should he 


ouraged to give wreater certaimty 


of Catalyst Pellet. The 


between the 


ficct of 


effectiveness 


relatronship 


tactor of a catalyst and its modulus are 
expressed by the relationship of Equa 
tron (10) Thiele (4 


reaction neg 


st dewe loped by 


tor a first-order gaseous 


lecting the effects of activated adsorp 
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tion and variations in the porosity and 
permeability within a single pellet. 
3 


E (m coth m—1) 
m? 


(10) 


The 


pellet size 


related to 


porosity, and temperature by 


the following (2) 


kK 


modulus m may be 


a,lY 
F, 
where 


D’, ameter of sphere having the 


same surface area per unit 
volume as the particle. For 
a cylinder of height D equa! 


to diameter 


mterior void fraction of the 
pellet 
density of pellets, mass per unit 


ve 


By using two pellets of identical com 
position, porosity 


of different sizes the ratio of moduli is 


and temperature but 


(12) 


By establishing reaction rates for two 


runs at nearly wentical conditions of 
gas temperature and composition at the 
with these two 


surtace of the catalyst 


pellets the following ratio prevails 


From Equations (10), (12). and 


am. coth ams, ba=( m., 


1) (14) 


From Equations (14) ms, can be caleu 


and (13) 


trom 


lated and m, E, 
toms (12) 


The effectiveness 


factor approac he 


unity as the particle size is reduced. For 
establishing rate mechanisms it is desir 
ible to operate with small catalyst pel 
the effects 


inside the 


lets m order to minimize 


diffussonal grachent pellet 


ind to attain effectiveness factors ap 


proaching unity This procedure also 


minimizes the uncertainties due to time 
lag in attaiming the steady state and to 


the assumptions made un leriving the 


relationship ot (vlinder 


x in. seem the mallest size 


vhich can be economically pelleted and 


used in a stationary bed and at the same 


time permit high mass velocities with 


excessive pressure dre and losse<# 


ittrition 
Effect of I 


ouling. Where touling of 


catalyst occur is desirable to ex 


trapolate rates to zero time of service 
ind to make all correlations on the fres! 


italyst. This introduces an uncertaints 
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due to the lack of steady conditions im 
starting a run. Where these difficulties 
become insurmountable it is 
to find a temperature range where fou! 


necessary 
ing is negligible 


Effect of Changing Actiwity of Cata 
lyst. The activity of a catalyst changes 
due to deactivation caused by employ 
ment of excessive temperatures and by 

Where the 
streams for the 


potsoning feed consists of 
different 


actants the poisoning component in each 


separate re 


stream can be removed often by passing 
each stream separately through a special 
bed of the same catalyst before the re 
action takes place. This proves effective 
if the potson is present in small traces 

Cc. C. Watson and Stevens (3) have 


shown in an unpublished thesis that 


steady-state conditions cannot be at 


tained until the catalyst chem 
ical equilibrium with the gas stream 


this ts m acdkhtion to the 


attams 


attainment of 
physical equilibrium in temperature and 
through the 


concentration gradients 


catalyst. The effect of changing activity 
can be eliminated by continuous use of 
the catalyst until complete equilibrium ts 
both 


mitroduce 


ittarned chemical and physical 


This may a serious time lag 
where composition and temperature ot 
the gas stream are changed trom run to 
run. It may prove impossible with some 
reactions to eliminate both fouling and 
lack of equilibrium 


Determination of Rate-Controlling 
Step. When effects of 
transter, diffusion 


Chemical heat 


and mass fouling 


and deactivation have been minimized 


eliminated, or accounted for, selection 
of the rate-determining chemical step '- 
in order. Complex chemical processes 
may be considered as consisting chiefly 
bimolecu 


of a combination of separate 


lar and unimolecular reactions and for 


complex reactions the rate equations 
may not be related to the over-all stoich 
relations. For 


solid 


separate molecular change usually con 


rometric gaseous reac 


tions catalyzed by surfaces eacl 


sists of one or two rate-controlling 


chemical steps such as chemisorption 


vith or without association of one or 


both reactants ; surface reaction between 
adsorbed reactants and products, and 
mpact of a nonadsorbed component 
with one that is adsorbed 

Mathematical 


equations can be derived from the prin 


expressions tor rate 
ciples given (2). In general these rates 
may be expressed by a combination of 
three terms, the kinetics term, the poten 
tial term, and the adsorption term, ar 
ranged thus, 


(kinetics term) (potential term) 


(adsorption term )* 
(15 


These terms are summarized herewith 
for the following four types of reac 


i+ and 


A+Bo2zR+S 


+S 


(IV) 


and for the following rate-controlling 
mechanisms 


Rate-Controlling Mechanisms 


Reaction between molecular'y ad 
sorbed reactants and products with 
out dissoctation of anv component 


upon adsorptior 


a. Ads« rphon ot i controlling 
b. Adsorption of B controlling 
c. Desorption of & controlling 


d. Surface reaction controlling 


atomically ad 
R. and are 
Upon disso 


Reaction between 
sorbed 4 


molecularly 


where 
adsorbed 
adjacent 


craton ws adsorbed on 


sites 


Adsorption of 4 controlling (with 
dissociation 

i. Adsorption of B controlling 
Desorption of A 
S$) 


controlling 


reaction controlling 


Reactant B is not adsorbed 


and S are molecularly adsorbed 


i. Adsorption of 4 controlling 
j. Desorption of R controlling 
k. Surface reaction controlling 


Reactant B is not adsorbed, 
adsorbed, R and S are 
Upon 


atomically 
molecularly adsorbed 


ciation 4 is adsorbed on adjacent 


sites 


|. Adsorption of 4 controlling 
m. Desorption of & controlling 
Surface reaction controlling 


TABLE 1. 


Reactant..4 is not adsorbed, B, 


and S are molecularly adsorbed 


o. Impact of 4 controlling 

Pp Desorption of R controlling (or 

q \dsorption of B controlling 


Uneatalvzed Reaction 
r. Hemogeneous gas reaction 


As the field of applied kinetics ce 
velops it may be found that examples of 
some of these mechanisms as rate-con 
trolling steps will not be discovered, For 
example, the assumption of adsorption 
as a rate-controlling step over the entire 
composition range for a bimolecular re- 
action is untenable. Rate of adsorption 
of A reaches a maximum for the pure 
gas, but obviously there is no reaction 
mn the absence of B and the adsorption 
of A will when the catalyst be 
comes saturated with 4. Under thes 
circumstances the rate of adsorption d 
reacton 


stop 


minishes to zero without any 
From this it follows that two chemical 
steps become rate-controlling 


The driving 
fulfills 
the conditions of becoming zere at con 


Driving Potential Term 


potential in any rate equation 
ditions of equilibrium where the equi 
librium constant A is related to the ap 
propriate activity ratio for the over-all 
reaction. For example, for the reaction 
1+BoeR+S the 


is zero where 


driving potential 


or K 


A 


in accordance with the definition of they 
constant for the over-all 


These driving potentials are} 


equilibrium 
reaction 
summarized in Table 1 for the four 
reactions and various mechanisms : 


Kinetic Term 


The designation, “kin 


DRIVING POTENTIAL TERMS 


Reaction 


—_ 
R 


Adsorption of A con- 
trolling 


Adsorption of B con- 
trolling 


Desorption of con- 
trolling 


Surface reaction cor 
trolling 


Impact of A control- 
ing (A not 
adsorbed) 


Homogeneous reaction 
controlling 


a, 
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TABLE 2. KINETIC TERMS. 


Initial Rates. Initial rates for the 
pure reactants present im stoichiometric 
proportions and in the absence of prod- 
ucts and inerts can now be readily cal- 
culated in terms of total pressure. Thus, 
for Equation (17), since 


a, a, * 
ind 
On as 
an 
(19) 
(| + 


and Equation (18) reduces to 


an (20) 


(1+ bei? 


The remainder of this paper will be 


devoted to an initial selection of the 


most plausible 
imspection 


mechanism from a visual 
he shape of rate curves 


Multiply each of the terms below by EL except for the 
homogeneous reaction. 
Adsorption of A controlling ky 
Adsorption of B controlling kg 
Desorption of K controlling k 
Adsorption of A controlling with dissociation § k, 
lepact of A controlling 
Homogeneous reaction controlling k 
Surface Keaction Controlling 

With dissociation ofA kas Ky | Kg 
B not adsorbed ky Ky Ky | Ky kee Ky 
B not adsorbed, Adie k, K ko K K ks XK 

sociated s A A A s 

term,” includes all tactors winch surface-controlling with equilibrium 


Bppear in the numerator of the reaction 
pate other 
rege such as L, the total number ot 


the effectiveness factor & 


adsorption of all components, 


equation than the driving 


the driving potential term ts 


ctive sites 


hppropriate kinetic constants for ad A (from Table 1) 
Rorption controlling, &, and for de 
kinetic term ts 
horption controlling, Ay and &y; tor 
burface reactions controlling &,; and for Lsk,K Ky, (irom Table 2) 


the homogeneous reaction controlling, 
slsorpt ts 
hk. The factor s represents the number 


of adjacent active sites. Values of L and 1+KkK 4 K 


A t Ava 


will usually mot be known and will Ix x 
1 
included mm a characteristic constant tor m 
pecitic catalyst Over-all equil: the is 2 (Table 4) 


brim and adsorption equilbrium con 


ind the rate equation becomes 


tants of the reactants 4 and B may also 
kinetic 


the kinetic term are tabulated in Table 2 


sppear un the term. Factors m 


+ 
Where all rea 


Where the 


Idsorptwn form 


taunts, products, and merts are adsorbed reaction .f+ pro 


under equilibrium conditions and with ceeds controlling 


out ch 


with acsorption et 


ciation the adsorption term ts —— 


A 


when data are properly obtained to per 
mit such plots 
the appropriate constants should then be 
hitting 
data to the selected equation. From the 
rate when plotted 
against such variables as pressure, teed 
amd 
sion, the most plausible mechanism ot a 


The actual evaluation of 


made by statistical methods of 


shape of curves 


composition temperature conver 
simple reaction can be estimated, bx 
ample s given herewith are for the four 
molecular types of reactions 
cited assuming only one rate-controlling 


W here 


] ! 
ire mvotved and 


chenneal step several reactions 


where more than one 


chemneal step is rate-controlling m each, 


the analysis becomes complicated, Com- 


plexities, however, can be minimized by 


extrapolating conditions of zero 


) 


(17) 
A ay + Aya, 


rates to 


A 


reciprocal space velocity at which condi 
tion the complicating effects of several 


reactions have not gun 


(1+ + A (16 By systematic and separate variations 
Loder other conditions the replacement im pressure and teed composition, the 
shown in Table 3 should be mace und with dissociation ot 4 mechanism can be fairly well established 
The exponent » of the adsorption the driving potential term by visual inspection of the rate curve 
When more than one chemical step ts 
term ts equal te where the reaction u ay 
! ay ) (trom Table 1 rate-controlling the number of constants 
volves only one site, equal to when Ke, 
in the rate equation. becomes so numer 
t ulsorpty ter! 
and is equal to 3 when the reaction im 
volves three vwdjacent sites lhe en A ,a 
+ ate + A ,a (from Table 3) 
ponents take the values shown in Table | Ka we 
‘ 
the exponent ts 2 «Table 4 
Formulation f ‘ at ued the rate equation 
From these relations the rate equatior 
for any of the above reactions and rate 7 | ; ay ) 
controlling mechanisms can be readily Ka», 
x 
formulated. For example 
2} 1+ pty + > Kya, 
Where the reaction 4 + | Ka, 
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| 
an 
at 
| 
at 
a 
— 


ous and the 
each so 
short 


accuracy ot evaluation ot 
uncertain that empirical 
cut prove The 
effect of extent of conversion is difficult 
to generalize effect of temper 
ature value 


expedient 
and the 


is of minor in establishing 


mechanism 


kficet of Pressure 
tar the most unportant variable in de 
termining 


’ressure is by 
the mechanism of a gascous 
Unless 
set up to operate with 


reaction catalvzed by a solid 
experiments are 
pressure as a controlled variable 
wide range it 


establish 


over a 


may not be possible to 
certamty the 
Variations 
as well as partial pressures are cssen 


hal 


with probable 


mechanism im total pressure 


Partial pressures can be diversified 


by varying feed composition, but in 


addition the total pressure must be var 


For 


pressure 


convemence the 
will be 


variathons m 


red independently 
effects of total 

trated by observing 
initial 
fresh feed with no product present 


the 
with the use of 


Un 


reaction 


reaction rats 


der these conditions the reverse 
is neglgibl 
In Table 5 


imitial reaction rates are 


effects ot pressure upon 
seen to tall into 
nme types of curve» 

In Type / the 
independent of pressure 
that 


catalyst is the 


mitial rate. r, 


product A 


cheates desorption ot 
trom the rate-controlling 
step when the 


This 


the active 


reverse reaction ts neg 


ligtble situation occurs when all 


sites are saturated with re 
spect to all components except product 
and under initial conditions when 
accumulated im the 
gas The 
countered for tinite values of the equili 
brium constant A 
uct JS is 


equilibrium conditvons 


products have main 


stream same situation ts en 


where a second prod 
adsorbed under 
\s the re 
product 


formed and 
proceeds with accumulation of 
KR im the gas stream the reaction rate 1s 
ne longer constant but progressively ch 
The 


sure is a hypothetical initial rate of de 


mintshes value of at zero 


sorption Since there is no supply ot 


teactants at zere pressure, there is no 


reaction aml desorption reaches zero 


Keaction rates of Type | are encoun 
tered when catalysts are porwoned 

Il the imitial 
total pressure, an 
Phis situation applies when the adsorp 
reactant 4 (or B) 


trolling where the other reactant # (or 


In Type rate mereases 


linearly wath 


thon of is rate-con- 
1) ts not adsorbed or not present as m 
a unimolecular reaction. This type also 
holds for the uncatalyzed unimolecular 
reactions A = 

In Type II the initial reaction rat 
can be expressed by the relations 


ar an 


1 + be l+b\/a+cr 
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TABLE 3. REPLACEMENTS IN THE GENERAL ADSORPTION TERMS. 


neaction 


Where adsorption of A is 
rate controlling 
replace Kya, by 


where ‘@esorption of Bis 
rate controlling 
replace by 


Where desorption of & is 
rate controlling 
replace Kya, by 


Where adsorption of A is 


| 
| 


Ay 
Kx, 


is 


rate controlling with 
Gissociation of A 
replace K,a, by 


fe 


of A replace Kya, by 


Where equilibrium adsorption of A takes place with cissociation 


and similarly for other components adsorbed sith dissociation. 


i 


Where A is not adsorbed 
replace Kya, by 


| | 


anc similarly for other components which are not adsorbed. 


In this with 
pressure to a 


Phos 


adsorption of enther 


type the rate increases 


is encountered where 


ior B 


ling in a bimolecular reaction 4 


value typ 
is control 
ur lace rate-con 


also where reaction ts 


trolling in a unimolecular reaction 


{== with or without dissociation: an 
where desorption of & is controlling for 
tmite values of the equilbrium constant 
forward reaction 
— 4 R 


In IN 


K ima bimolecular 


the reaction rate starts off linearly witl 


pressure, reaches a maximum value and 
then diminishes with further 
total 


alee 


mcrease 


pressure to a constant asymptotic 


— 


type ts characteristic of 


where the surface reaction 


ts rate-controlling and is also encoun 


1+BeeR+sS 
controlling 


tered in the reaction 
where adsorption of is 
amd proceeds with dissociation on dua 
sites 


In Type V, 


ag 


the rate imecreases progressively with 


pressure, starting off linearly and ap 


proaches a value 
This type ap 
i+ Ree where 


ot 
plies to the 
adsorption of # is rate-controlling anc 


pressure 


reaction 


1 is adsorbed with dissociation 
In Type VI 


and r, 
ber l+b\/a+cer 
starts off as the square of the 
pressure and approaches a rate propor 


the rate 


tional to the first power of pressure 


TABLE 4. EXPONENTS OF ADSORPTION TERMS 


Aasorption of a 
Desorption of A 
Adsorption of a 


controiling 


Homogeneous reaction 


Surface Keaction Controlling 


controlling without dissociation 


controlling with Gissocisetion 
Impact of A without dissociation A+ B == kK 


Impact of A without dissociation — 


No dissociation of A 
Dissociation of a 

Dissociation of A (B 

not adsorbed) 

No dissociation of A 
(B not adsorbed) 
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proportional to the] 


| 
0 0 Keen 1 
a, 
— 
| 
ag 
an-2 
nel 
2 2 3 3 
2 | 2 2 2 ’ 
| 
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TABLE 5. INITIAL REACTION RATES OF SIMPLE GASEOUS REACTIONS. 


Effects of Total Pressure. 


wre 


TYPE I 


III 


= an 
Tis 
Adsorption of one reactant A (on Adsorption of A controlling 
B) Controlling where other re- ) 
sorpt roduct actant B (or A) is not adsorbed Adsorption of B controlling 
or not present (AeB ) 
& 
Ill Surface reaction controlling 
Uncatalyzed Reaction (A  R) 
g Surface reactton controlling 
j j j j seaction| I Ir] 111] Iv ) 
P deaction|] I [Tir] tv ] 
i i Mechanis ai bl 
Desorption of One Product i t a 
Controlling (Keo) a (1) 
Equilibrium adsorption forS) a (1) 
geact ial I II Iv i h (2) 
Vechani c (1) 
é é k (1) 
J J (2) 
| n m | n | 2) 
Iv V TYPe VI 


Surface Reaction 


Adsorption of A controllin 


reactant Ao owhich he thy 


A 


n 
(A Keo) 


dissociation 


fontrolling 


Ses fat {iid 
Mechans 
| 
| 
| 
| 
| 
Phis type is manifest when the sur 
face reaction controlling for the re 
whon 44 Re 2K where ois not ad 
orbed aml tor reactior 14 
where the surtace reaction rate-con 
trolling with 4 dissociated upon adsorp 
tion and with AB not adsorbed. It als 
holds ton the reaction i+ Heth 
where 4 is not adsorbed and the 
trolling step is the impact of 4 upor 


cata 


Adsorption of B controlling 
with dissociation of A (A*BS> 


n 


Surface reaction controlling 
(B not adsorbed! (A*B >* R) 
Impact of A controlling | 
(A not adsorbed) (A+B R) 
Surface reaction controlling 
(A dissociated, B not ad- 
sorbed) (A*B S> ) 


Mechani r f 
| 

lyst surface by chemisorption on a 
single site 

\ 

t common tvpe where the reaction 
starts out as the square of the pressure 
und then falls off in slope to a zero value 


eachung a rate of constant asymptote 
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flieaction | I | in | 111 | 
Mechanisa k 
n n 


This case ts 
(1) bw the 
where the surface reaction ts controlling 


value typified by tour 


cases reaction 44+ 


and which proceeds without atomic dis 


sociation; (<2) reaction 
ontrolling adsorption of B 
(3) the A+Be2R+S 


where impact of 4 is controlling or (4) 


lor a surtace 
without 


in reaction 


where desorption of product R is con 
trolling for the reaction 44+ 
ind for finite values of K 
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TABLE 5. (Continued) 
Effects of Total Pressure. 


— 


n 
Surface reaction controlling 
(no aissociation) (A+B 
Surface reaction controlling 
(B not adsorbed) 
Impact of A controlling 
(AeB S— 


trolling (A+B R)(K ) 


Desorpt fon of one produet con- 


Reactio 


Mechani 


YPE Vi 


n 
Surface reaction controlling 
with dissociation of A(A+Be= ) 


Uncatalyzed reaction control- 
) 


n 


ling (A+ Bes 


eaction 
chanisa h h 


fechanism r r 


ction [I II 


Iil Iv 


In Type VIII, 


the rate initially increases as the square 
of pressure, the slope then falls off to 
zero at a maximum rate and becomes 
negative with further increase in pres- 
sure. This type applies where surface 
reaction is rate controlling with disso- 
ciation of A in the reaction A + Bz. 

Type IX, r, = ax*, represents the be- 
havior of the uncatalyzed bimolecular 
reaction A + B= where the rate in- 
creases progressively with the square of 
pressure. 


Effect of Feed Composition upon 
Initial Rates. The effect of feed compo- 
sition in a bimolecular reaction upon 
the rate of disappearance of the limiting 
reactant 4 falls into six types of rate 
curves, as shown in Table 6, assuming 
only one rate-controlling step. 

In Type 1, rg, = aNq, the rate in 
creases linearly with the mole fraction 
of A. This type holds where adsorption 
of A is the controlling step when B is 
not adsorbed. The extrapolation of the 
straight line to Ny 1.0 means that the 
ulsorption rate for A is fastest when 
there is no B present. However, if there 
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EFFECTS OF TOTAL PRESSURE 


s no B present there is no over-all re- 
action, the catalyst soon becomes satur- 
ated with A, and adsorption stops. This 
situation indicates that when the mole 
fraction of 4A approaches unity the rate 
of reaction must be less than the instan 
taneous rate of adsorption and hence 
some other mechanism must also be 
controlling such as the surface reaction 
or the impact of B vpon the adsorbed 4 
his difficulty can be eliminated by ap- 
plying adsorption as a rate-controlling 
step only to the limiting reactant. 

In Type Il, r4, = a(1—N,), the 
rate of adsorption of B is controlling 
where A is not adsorbed. Extrapolation 
to Ny = 0 gives a maximum value cor 
responding to the rate of adsorption of 
B in the absence of A. Under this cir 
cumstance there is no over-all reaction 
The same anomalous situation is en 
countered as in Type I. 

In Type IIT, 


aN, 
1—ON, 


aN 


(1—6N,)* 


or 


the rate curve increases more than lin- 
early with the mole fraction of 4 and is 
represented by the adsorption of 4 con 
trolling with or without 
where B attains equilibrium adsorption 
The same situation at \, 1.0 is en 
countered as in Type | 


dissociation 
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In Type IV, 
a(l—N,) 
1—6N, 


ail \ 
D+ 
the situation corresponds to the adsorp 
tion of B as controlling with or without 
dissociation, when A is at equilibriun 
adsorption. 

In Type V, 74, = a, the rate is inde 
pendent of feed composition. This 
means that the desorption of product R 
is controlling when K is infinite for the 
reaction 414+ B<e2R. In the extreme 
ranges of gas composition in the ab 
ence of cither reactant no product can 
be formed and hence the rate represents 
desorption and not reaction. At low con 
centrations of either A or B desorption 
of R no longer remains the only rate 
controlling step. 

In Type VI the reaction rate ts zero 
in the absence of either 4 or B and at 
tains a maximum value near the middk 
of the composition range. For catalytic 
reactions this situation holds (1) for all 
cases where the surface reaction is con- 
trolling; (2) where desorption is con 
trolling and K is finite for the reaction 
A+B-—R; and (3) impact of 
an unabsorbed reactant is controlling. 
This situation also applies (4) to the 
homogeneous bimolecular gas reaction. 

The following specific equations apply 


where 
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to Type VI 
Table 6 


are not shown im 


+ ontrotling 
Mechaniom 


TABLE 6. 


of Extent of Conversion pon 
( ataiytic Reaction Rates 
the mechanism of a catalytic reaction by 


To establish 


a study of the effect of conversion upon 
reaction rates is too extensive for de 
tailed examination in this paper. Curves 
Tables 5 and 6 for the effects 


of total pressure 


shown in 
and feed composition 
ire for zero percentage conversion. To 
show the effects of conversion cach of 
these curves would be replaced by a 
family of curves, one for each percen 


kach 


similar to the 


tage curve would be of a 


shape parent curve at 


vero converston woukl drop 


progressively with increase in pet 

centage conversion and reach a zero rate 
curve at equilibrium. In general where 
the pate 


comstant 


wlsorption is controlling 
plotter 


curve 


conversion at 


INITIAL REACTION RATES OF BIMOLECULAR 
GASEOUS REACTIONS. 


(Effect of feed composition upon initial reaction rates) 


° Na 


Adsorption of A controlling ( B not 
adsorbed) 


TYPE 11 


Na 
Adsorption of B controlling ( A not 
) 


TS 
ne 


To! 


Adsorption of A controlling (with or 
Without dissociation of A) 
Mechanism a and 


Adsorption of B controll 
wi t dissociation of A) 
_Mechanise b and f 


(with or 


° Na 10} 


Cesorption of controlling (kK 
Wechaniam 3, and 
Desorption of centrolling 
Mke 


and p 


See text for equetions 
TYPB VI 
catalysed 


uncatalyzec 


Na 


Surface reaction control) ing 
Mechanism d, h, nm, and o 
Derorption controlling (4 ] A@BER) 
™ Cy Eo Je M anc 
‘omertalytic reaction 
r 
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pressure aml temperature is 
downwards and where surface reaction 
is controlling is concave upwards ( Fig 
11). For reversible reactions the same 
relative effects are observed but the fal! 
ing off in rate is more marked 


The effect ot 
importance m 
the selection of reaction mechanisms of 


Effect of Temperature 
temperature is of miner 
catalytic reactions, contrary to popular 
notions, but is indispensable in establish 
ing the entropies and enthalpies of for 
mation of the activated complex and oi 
the adsorption compounds of the cata 
Ivst with the various reactants and prod 
rhis 


countered 


ucts anomalous situation is en 


even where the reverse re 


achon is negligible. Where adsorptior 
or desorption are rate-controlling steps 
in irreversible 


catalytic reactions 


rate is accelerated with increase im tem 
perature whether the over-all reaction i. 
(Fig. 12) 
uncataly zed 


exothermic or endothermic 


The same is true tor the 
llowever, wher« 


irreversible reaction 


the surtace reaction is rate controlling 


the rate mereases with temperature 
a maxvnum value and then decreases, a< 


Beck 


reversal 


Bornstein 
This 


untavorable effect 


thown bw Tschernitz 


mann and Hougen 
ot rate tm cue to the 
temperature m removing the reac 
tants trom the surtace which more that 
offsets the 
iture 


stant 


tavorable effect of temper 


upon the reaction velocity con 


Summary 


In this paper a survey is given of the 
general procedures in planning and cor 
relatmg expermental data on gaseou- 


Method- 


reactions catalyzed by solids 


ire given tor eluommating 


or evaluating the temperature and con 
centration gradients m gas films and nn 
catalyst pellets \ 


ure Is 


summarized proced 
given for setting up the rate 
equations for many postulated mechat 
isms of tour simple molecular reaction: 
+S i+ am 
1+REKR+S. The 


from the effects of 


selection of re 
mechanism 
teed 


conversion and 


pressure composition, amd extent 


temperature ts given 


with reference to the visua 
After the 


mechanism of a reaction has been estab 


especially 

ippearance of rate curves 
lished the various constants in the ap 
propriate rate equations can be obtained 
from the experimental data by graphical 
and statistical methods 
are not presented im this paper, but are 


These method. 


given m (2) 

It is recognized that there are short® 
comimgs to the equations presented 
this paper, that chemical 
not as simple as these imply, that several! 
that the 
adsorption equilibrium constants may Ix 


reactions are 


steps may be rate-controlling 
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Reaction Rates. 


pressure-<dependent as well as temper 
ature-dependent. The present approach 
represents an attempt to compromise 
between methods which are so involved 


m theory as to be beyond the experi 
ences and training of those entrusted to 
process design, and methods which are 
so empirical as to be unsafe for extra- 
polation bevond the range of experimen 
tation. 
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Notation 
A component 4 
a = activity 
24. Gp, Op 
@y. a, activities of components 
A, BR, R, S, 1, respec 
tively 
a, surface area per single 


catalyst pellet 

surface area of pellets 
per unit mass 

a constant 


b = constant 
B = component B 
( == specific heat 
c constant 
D = diameter 


Dam = mean diffusivity of com- 
ponent 4 in a gas mix 
ture 

dD, effective particle diam 


eter equal to diameter 
of a sphere having the 
same surtace area as 
the particle 

D,’ = effective particle diam- 
eter equal to diameter 
of a sphere having the 
same volume as par 


ticle 

E effectiveness factor 

F = feed rate, moles per unit 
time 

F, external void fraction 

*, = internal void fraction 


Fig. lla. Fig. 11b. 
Fig. 11. Effect of Extent Conversion Upon Catalytic 


Surfete (ection comrefing 
reecton's ond edsorption of ane reectent con 
trollong other mo! egtorbed 


tempero'ure 
Fig 12a. 
Fig. 12. Effect of Temperature Upon Catalytic 
Reaction Rates. 


mass velocity 


= heat of reaction 


heat transfer coeficient 
of gas film 

mert gas 

factor for mass transicr 


> factor for heat transfer 
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over-all equilibrium con 
stant 


adsorption equilibrium 
constants for compo 
nents 4, B, R, S, /, 
respectively 

thermal conductivity 

mass transfer coefficient 
of gas film 

reaction velocity constant 
for the homogeneous 
reaction 

reaction velocity constant 
where adsorption of 
is controlling 

reaction velocity constant 
where adsorption of B 
is controlling 

reaction velocity constant 
where desorption of FR 
is controlling 

reaction velocity constant 
where surface reaction 
is controlling 

mean molecular weight 

modulus 

mole fraction of compo 
nent 4 

constant 

partial pressure 

pressure factor 


partial pressures of com 
ponents A, B, R, S, / 
respectively 

rate of heat transmissior 

rate of reaction, moles 
per unit mass of cata 
lyst 

initial rate of reaction 
moles per unit mass of 
catalyst 

component 

component S 


meow 
Fig. 12b. 


temperature, absolute 
t temperature 
mass of catalyst 


a, pl k 
Y, fractional conversion ot 
component 4 per mol 


ot teed 

Lerrers: 
a. a’, a” = constants 
Viscosity 


= total pressure 

p density 

Pr density of bed 

p, = density of particle 


= components 1,4, 8, 
respectively 
gas film 
« = gas film 
inter face 


mean 
mass 
» = particle 
suriace 
volume 
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LEACHING PROCESS 


RECOVERY OF MANGANESE FROM LOW- 
GRADE ORES 


RICHARD D. HOAK 


Mellon Institute, Pittsburgh, Pennsylvania 


BOUT 600.000 mangan 
ese, prin ipally as lerromanganesc 


totis ot 


spiegeleisen and silicomanganese, 1s 
used annually in the United States in 
the manufacture of steel, both as a 
deoxidant and as an alloving element 
Modern steel manutactured 
by known except at greatly 


nereased cost, without manganese, and 


cannot be 
methods 


this emphasizes its strategic importance 


n the national economy. Although this 


country possesses large reserves of low 


grade manganese ores, deposits suitable 


tor direct smelting to ferromanganese 


ire very scanty, This paper describes a 


process tor recovering manganese trom 


we-grade ores by leaching with the 


waste pickle liquor which is produced 


m large volume in certain steel manu 
turing 
As an 


mparts desirable physical properties to 


uperations 
alloying clement, manganese 
s wide range of commercial steels. Com 
bined with a 


metals it 


number of nonferrous 


forms important alloys tor 


peciahzed applications. Compounds of 


nanganese, though the quantities con 


small, find diversi 


tied uses throughout the field of 


umed are relatively 
chem 
eal technology 

Commercial deposits of 


thirty 


hhatiganese 
Their 


rang 


ores occur in five states 


anganese content varies widely 


ing from 1] per cent to more than 50 


per cent in a tew 
these 


Certain ot 
concentrates otf 


cases 


ores vield 


ferro 


xrade by mechanical beneficiation, but 
most are too lean or too impure to jus 
tity methods of the 
nuning the bulk 
imported 


trom Russia, India 


treatment by the 
engmeer As a result 
of the ore used industrially is 
rom abroad, chiefly 
ud Atrica 

Since the oxide 
the most 


the principal minerals are 


Ores OF 


are by far mportant commer 


cully pyro 


lusite. psilomelane, and manganite The 


of which there are un 
Dakota 
readily be sintered to oxides but the ore 


manganocalecites, 
mense deposits in South can 
distributed in a 
makes 


manganese 


nodules are sparsely 


clay matrix which recovery 


costly Recovery of trom 
the rhodochrosite in these deposits has 
heen practiced commercially on a lim 
ited seale 

In general, the extent to which man 
ores be improved by ore 
dressing depends upon the degree of in 
timacy of admixture of the ore and its 
combined im 
purities can be eliminated only by pyro 
 hydrometallurgy. Iron, the most 
ommon impurity, is usually 
difficult to remove by ore-dressing, and 
ts content determines the kind of alloy 
that can be made. Silica, alumina, lime, 
magnesia, and baryta form a slag in the 
smelting process and these must be held 
within limits for economical operation. 
\ large slag volume increases coke con- 
and the carries 
some ol the Che 
phosphorus in an ore passes almost en- 
ferro-alloy on 
and high-phosphorus ores 
narily be used. Sulfur 
jectionable because it can 


ganese can 


impurities. Chemically 


metallic 


sumption slag always 


away Thinganese 


tirely into the sme|ting, 
cannot orc 
much less ob 
be made to 
compine more or less completely with 
the slag 

Manganese forms a series Of oxides 
as the valence 
The mon 


oxide resembles calcium oxide in basic- 


whose basicity decreases 


of the manganese increases 


ity, and the heptoxide is an acid anhy- 
dride with as strongly acidic properties 
The 


weakly basic or acidic properties, de- 


as perchloric acid dioxide has 


pending on conditions An appreciation 
of this range of basicity 1s essential to 
in understanding of the hydrometal 
lurgy of manganese 

\ great deal of research has been de- 


voted to development of processes tor 
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low -grade ores 
Ore-dressing methods have been studied 
extensively by the U. S. Bureau of 
Mines (5). Hydrometallurgical proc 
esses have interested many workers, and 
a variety of solvents, including the 
chlorides and sulfates of a number ot 
metals, sulfuric, hydrochloric, and nitric 
acids, chlorine, ammonium sulfate and 
chloride, and sulfur dioxide is reported 
in the literature. Only the Bradley (1) 
ammonium sulfate and the Leaver (2) 
sulfur dioxide processes have attracted 
wide attention. The U. S. Bureau of 
Mines has been investigating the elec 
trowinning of manganese since 1936 
(4), and a process yielding manganese 
metal 99.9+ per cent pure has been 
operated on a pilot scale (3). It is re 
ported that there are some commercial 
operations of the electrolytic process 


utilizing manganese 


Leaching with Waste Pickle 
Liquor 


A consideration of the chemistry of 
manganese discloses that a common 
chemical, ferrous sulfate, could be used 
to win manganese from its ores. Fer 
rous suliate has the chemical properties 
both of strong reducing and 
strong acids, and this combination af 
fords a made-to-order reagent for the 
purpose. The compound is available in 
irge quantities in every steel-making 
district as a component of pickling li 
juor, a waste material from the essen 
tial operation of removing oxide scale 
irom certain steel products by 
ng them in dilute sulfuric acid. Com 
position of waste pickle liquor will¢ 
usually fall in the range 0.5 to 10% 
sulfuric acid, and 10 to 22% ferrous 
sulfate, by weight. It has been esti 
mated that a minimum of 600,000,000 
gal. of this liquor, with an average 
weight of 10 Ib./gal., is produced an 


agents 


immers 


March, 1950 


; 
a 
‘ 
a 


nually in the United States. Additional 
large quantities are produced in other 
industries, notably, in the manufacture 
of titanium dioxide. 

Commercial acceptance of a process 
based on pickle liquor would not only 
provide means for recovering mangat- 
ese from low-grade ores, but also would 
present a method for solving a difficult 
waste dispesal problem. Pickle liquor 
cannot be discharged to streams be 
cause of its pollutional effects. It is not 
acceptable in substantial concentrations 
in municipal sewer systems because of 
its corrosiveness inter Lerences 
with sewage treatment processes. Many 


and its 


methods have been suggested for utiliz 
ing it economically, but up to the present 
time none has been successful in prac- 
tice. As a result, it must be neutralized 
or stored in lagoons, and either of these 
expedients is both costly and wasteful 


Proposed Process 


The foregoing situation provided the 
basis for the development of a process 
for producing an oxide concentrate low 
in impurities and containing upwards of 
00% manganese. The process will yield 
pure manganese sulfate or chloride 
where these are the preferred mangan 
ese compounds. No liquid waste is pro- 
duced, and a secondary pollution prob- 
lem thereby is avoided. 

Production of the oxide concentrate 
involves four principal operations: (1) 
Ground ore is leached with pickle li- 
quor, and the sulfate solution is sepa- 
rated from the gangue; (2) the sulfate 
is converted to a chloride solution by 
treatment with calcium chloride, and the 
precipitated calcium sulfate is filtered 
off ; (3) the optimum proportion of iron 
is separated from the pregnant solution 
by differential precipitation with chalk 
or pulverized high-calcium limestone; 
(4) manganese is precipitated from the 
solution with high-calcium lime slurry 
The precipitate is filtered off, washed 
and dried as product, and the calcium 
chloride solution remaining is concen 
trated for reuse 


Ore Leaching. Three mineralogically 
different oxide ores, with manganese 
contents ranging from 14.7 to 26.9% 
were used in studying the leaching re- 
action. When ores were leached with a 
pickle liquor of appropriate composition 
the dissolution of manganese was quite 
rapid, and particle size was found to be 
a Significant variable, but not a critical 
one. Figure 1 illustrates the efficiency 
of leaching manganese from a 15% ore. 
rhese results were obtained by simple 
agitation of ore and liquor; pebble- 
milling converted the precipitated ferric 
hydrate to a semicolloidal material diff 
cult to separate from the extract, and 
did not increase leaching efficiency 
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sol |. MESH 
o- 25+ 50 

x ~ 50 +100 

+200, 

4-200 +325 


MANGANESE EXTRACTED, % 


° 12 24 % 
TIME, MINUTES 
Fig. 1. Efficiency of Leaching 
Manganese from 15% Ore. 


Results of leaching studies established 
the important fact that grinding finer 
than —100 +200 mesh is not essential 
tor complete extraction. Grinding ores 
to about 60-mesh is a relatively low-cost 
operation, but, as grinding is carried to 
tiner and finer mesh sizes, the cost rises 
rapidly. Since 98% of the manganese 
can be extracted from 60-mesh ore in 
only 30 min., finer grinding would not 
appear to be justified. 

The effect of temperature on extrac- 
tion rate was not studied systematically, 
but, as might be expected, the rate of 
reaction increases with temperature. 
Detailed study of this variable was not 
undertaken because of the rapid rate of 
reaction at room temperature. Where 
it is desirable to increase the reaction 
rate by raising the temperature, the 
higher temperature can be attained 
without supplemental heat by using the 
pickle liquor promptly after it is dis- 
charged from the picklers, where its 
temperature is 180° to 220° F. 

Before the optimum ratio of ore to 
pickle liquor could be established, it was 
necessary to investigate the chemical re- 
action involved. Chemical analysis 
showed that practically all the mangan- 
ese in each of the ores was present as 
the dioxide, and it was first assumed 
that the extraction would proceed ac- 
cording to the textbook equation 


MnO, + 2FeSO, + 2H,SO, 
= MnSO, + Fe,(SO,); + 2H,O 


(1) 
and leach liquor concentrations were ad- 
justed to provide the stoichiometric 


amounts of ferrous sulfate and sulfuric 
acid indicated. This resulted in sub- 
stantially complete extraction, but phys- 
ical properties of the gangue material 
varied among the three ores and it was 
found that leach liquor composition af- 
tected the filterability of the gangue. 
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This led to the discovery that good ex- 
tractions could be obtained with large 
deficiencies of both ferrous sulfate and 
sulfuric acid, as measured by Equation 
(1), and that fairly good (84%) ex 
tractions could be obtained with solu- 
tions of ferrous sulfate alone 

The extracts all contained ferric sul- 
fate as well as manganous sulfate, and 
it was recognized that the merit of the 
process could be enhanced if the for 
mation of ferric sulfate could be pre 
vented. Elimination of the ferric sul- 
fate in the leaching operation would 
avoid the necessity for later separating 
it from the extract liquor. This could 
be accomplished by reducing the dioxide 
in the ore to the sesquioxide, which is 
reported to react with ferrous sulfate 
according to the equation 


Mn,O, + 2FeSO, + 3H,O 
2MnSO, + 2Fe(OH), = (2) 


lf the reaction followed this equation it 
would possess the additional advantage 
of extracting twice as much manganese 
per unit volume of leach liquor as the 
reaction assumed for the first trial ex 
tractions. Manganese dioxide can be 
easily reduced to the sesquioxide by 
roasting in a neutral or a reducing at 
mosphere at a relatively low tempera 
ture (250° C.) for a short time (15 
min. ). 

Ores were roasted in a small rotary 
kiln, but accurate temperature control 
could not be attained and it was difficult 
to produce a calcine in which all the 
manganese was present as the sesqui 
oxide. Chemical evidence indicates, 
however, that manganese sesquioxide 
reacts as if it had the composition 
MnO-Mn0Og, and, in practice, ores were 
slightly overreduced and blended with 
enough native ore to yield an oxide com 
position with a MnO/MnO, ratio of 
unity. 

Ore samples simulating the sesquiox- 
ide were extracted with leach liquor 
Lased on Equation (2). Extraction ef- 
ficiencies were uniformly lower than 
with native ore, averaging less than 
90%, and ferric sulfate, though reduced 
n concentration, was present in the ex 
tracts in considerable amounts. A va 
riety of leach liquor compositions 
showed that a small (5% to 
10%) of ferrous sulfate, and a small 
amount of free sulfuric acid (0.04 g 
H,SO,/g. FeSO,) increased extraction 
eficiency and improved slurry filter- 
ability. 

Investigation of the extraction step 
demonstrated that the assumed equa 
tions did not represent the leaching re 
action for cither the dioxide or the ses- 
quioxide. An explanation of the anom- 
alous results that were obtained when 
the textbook reactions were applied to 
this operation lies in the fact that fer- 


excess 
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rous sulfate can act strong 
acid and as a powerful reducing agent 
It has heen pomted out that manganese 
monoxide is a strong base 
rows 
these two compounds will react in a 
tashion analogous to the 


the aml sulfuric acid, 


both as a 


, and, as 
strong 


suitate can act as a 
reaction be 
tween 


thus 


ithe 


MnO + H,SO, = MnSO, + H,O 


(3) 

Mant) + FeSO, + H,O 
MnS0), + Fe(OH), ‘4 
Also, since ferrous sulfate can act im a 


dual capacity, 1 can provide the acid a 


well as the reducing power required u 


the manganese dioxide reaction. In ad 


dition, ferric iron has a strong tendency 


to form baste sulfates, and this tendenc 


“wrenses with the concentration of the 


teactant \ consideration of these 
tacts suggested’ the hypothetical rea 
thom 


MnO, + + 21,0 


MnsSO, + FecOU)SO, + Fe(OH), 


i> 


Similarly, for the sesquionx ide 


+ FeSO, + 


JMasSO, + 


+ Fec OW, + Fec ‘6 


These equations show why it wa 
obtan 
ferrous 
that 


calculated mt 


possible te tairly 


extrac 


thoms with shone 


show alse vhere terrous sullate 


was 


the 


extractoomn vere not complete wit! 


out a small supplement of free acid lx 


catse of the removal of sultate 


from to 


late 


baste terre sul 


Conversely, thev show wh 


extractions were obtamed wath large ay 
parent deficrencies of 
By the 
that a 


ently was 


tree sulturie acul 


whe Teasonmneg the observation 


mall amount of free acid appar 


tor the 


the 


complete 


extraction of sesquios ide is 


plained bw thes« equations 
The reactions that actually occur are 
undoubted!) complex than ought 


he from the 


tems already given. For example, the 
amounts ot basse ferre suliate and fer 
rc hiverate that form will depend on 
the concentration of tree sulfuric acid 
and a small amount of free acid wouk 


prevent the 
Lhe 


volves a 


formation of terrows hy 


clrate whole leaching reaction im 


compheated group of reac 


thems all seeking conditions of equih 
brium, but the equate given serve to 
explain the anomalous results obtamed 
when calculations were made on the 
hasis of the texthook reactions, which 


rousty the not apply 


Physical characteristics of the resi 
cues the leaching step varied 
among the three ores studied, and they 


trom 


also varied as the concentration and 
composition of the leach liquor was 
changed. Separation of the residues 


trom the extracts is an important step 
and the composition of the leach liquor 
should be adjusted to 
that will filter or settle at the highest 
possible rate. It has been found that the 
presence of a small amount of free acid 
the settlability the filter 
the This may very 


due to the solution of 


yield a residue 


Mproves 


ability of residues 


well he terri 


hydrate formed as a result of the con 


plex of reactions that occur. No genera! 


principles can be set down tor achies 


ng the desired result m every case, be 
the 


cause of Variations tm gangue ia 
terial associated with different 
bor this reasot series of trial extrac 


trons s recommended to establish the 


leach liquor composition to 


any particular ore In general i leacl 


lquer with the composition of an avert 
we waste pickle liquor FeSO, 
umd 59% free by weight) will 


effect relatively complete extraction o1 


trom low -gracl 


will 


fairly 


common 


result in a residue that 


well 


settle 


ores 


vill 


( onversion of Sulfates to Ch 


Where iti 
i form adapted to the 


desired to recover manga 
ose m 
ture «ft desirable 


that the 


lcrromanganese, it ts 
substantially trec 


pre 


solution ot 


produ t ln 


trom 


suliur. It is not possible to 


cipitate mangatiese trom a 


ts sultate with a cheap alkaline mater 


ial, eg., lume, because the coprecipitated 
sulfate would contaminate the 
product. This diffeulty can be largely 


overcome by converting the sultates im 


the solution to chlorides. It can be ac 
omplished readily by treating the ex 
tract with a solutoon of chloride 


Phe calemm sulfate can be recovered a> 


the dihydrate m a pure torm by filtra- 
tier It is a by-product of low value 
whose principal commercial use ism 


the manutacture of gypsum plaster and 
wallboard 

sulfates to chlorides 
sulfate contaminatior 


sulfate ts 


Conversion ot 
does not eliminate 


completely. Calcerum appre 


crably soluble (about 2 distilled 


water), and its solubility is mereased by 


the presence or hwdrochlor te acid pre 


duced by anv sulturic acid m the 


orw 


nal extract, or by hydrolysis of terrn 
chloral 

Phis procedure, however, reduces the 
the 


Extractions were made 


sulfur om final product to low 
with ter 
the 
sulfate conversion on the leach liquor. 
Results obtained 
the sultate 


method is satistactory 


value 


rous chloride solutions by making 


were similar to those 


with hquor, and ether 
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Separation of Iron from Manganese 
Where the objective of the process is 
the preparation of pure manganous sul 
tate complete separatior 
of tron trom the extract hquor ts essen 
tial 
ery of 


(or chloride) 
Where the objective is the recov 
ior manufac 
turing the concentrat 
should contaim not less than 3% 
the manganese-iron rath 
less than 9:1. ¢ omplet: 
necessary 
but the degree of removal wi! 
paid fo 
the 


manganese oxides 
ferromanganese 
man 
ganese, and 
should not he 
separation of tron is net 
this case, 
removal cost vs 


be a function of 


of product. Premiums are 


manganese contents m excess of 
minimum specified tor any grade. 

It has been the major purpose of thi- 
prov ile 
to the 


as chemical manufacturing per s« 


mvestigation ty a process that 


would be attractive steel madustrs 


und 


more or le foreign to that field, en 


phasis has been placed on the prepar 

thom of a produ t suitable tor ferre 
manganese manufacture. Where a mai 
vanese extract contams tron, and th 
will ustally be the case, separation o 
the irom as a relatively pure oxide would 


be advantageous for enrichment of blast 


furnace dust to sintermg 


Several methads tor making th 
but differ 
ential precipitation ot the iron proved 
he effective Ferry 
iron can be prec ipitated completely at 


pli of about 3.5; the 


~cpuration were mvestigated 


mul to control 


actual value ce 


pends somewhat on the presence o! 
other dissolved salts. Ferrous iron be 
gins to precipitate at pli 5 5, and the 
higher the pli the more rapidly it car 
he oxidized to the ferric state by aera 


tion, Manganese. on the other hand 
does not ordinarily begim to precipitate 
until the pH is raised to about 8.5. This 


iavorable combination of properties 


provided a sound means tor separating 


iron from manganese m solution 


Separation of the iren from mangan 


ese poms mm extract. will le more nearly 


complete if all the m the ferrk 
When an 


solution of 


rem ts 
akaline agent is added 
and manganou- 


state 
la lerTric 
chlorides 


will be prec tpitated 


Mang generally 
vith the ron 
though the average pli of the mixture 
the 


ganese begins to precipitate 


eve! 


which man 
This phe 
results, 


rs well below at 


nomenon presumably evel 


where thorough agitation is provided 
from small localized areas ot high pH 
the particularly 


where the alkaline material 1s relatively 


effect is noticeabl 


msoluble. e.. lame or carbon 
ite, This circumstance emphasizes thé 
most of th 
t excessive los- 
of manganese W her« 
a large proportion of the iron is in the 
ferrous state it will be apparent that, a- 


the average pli of the mixture ts in 


necessity for precipitating 


iron mm the ferric state 


is to be avowed 
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creased, localized areas of high pH will 
tend to precipitate 
of 


inmcreasing propor- 
Also, the pH at 
which manganese begins to precipitate 
> lower thar the pH at which ferrous 
ron can be completely precipitated. In 
practice, extractions can be 
made so that the concentration of fer 
rous tron in the extracts is low. Where 
much ferrous iron is present, it ts de- 


manganese 


however 


rable to aerate the mixture during the 
ron removal step to oxidize the ferrous 
won to ferric, and thus permit the oper- 
ition to be 
possible pli. Although any manganous 
hydroxide precipitated through localized 
increase in pHi should redissolve when 
the pH is again lowered, it does not do 


pertormed at the lowest 


20 because it oxidizes rapidly to an in- 
~oluble compound MnQO-OH 
Development of this step m the proc 


such as 


ess disclosed that slaked lime slurry was 
unsatisfactory as 
f its temlency 
(mounts of mangane« 


t precipitant because 
to precipitate excessive 
Despite vigor 
us agitation it was impossible to dis 
verse the lime slurry rapidly enough to 
prevent local mereases of the pH above 
the manganese precipitation point. Pre 
ipitated chalk served the 
purpose very well because it cannot, of 
tself, raise the pll much above 8 By 
viding the chalk slow! 
agitation, of the iron 


however 


uml providing 
ind no 
nore than 5°), of the manganese. can 
he precipitated if the average pll of the 
mixture is not allowed to rise abowe 4.2 

In distinction from the recovery ot 
tor 
manufacture, if 


chloride 


nanganes« lerromanganesc 
sulfate. or 


is the desired product the tron 


Man 


must be completely removed from solu 
tion before crvstallization of the salt 
Manganese sulfate can be prepared in 
t state of high purity by treating the 
clear from the gangue filter 
with sufficient calcium carbonate, as just 
described. Manganous chloride can be 
-imilarly prepared by precipitating the 
ron from the filtrate from the chloride 
step. The relatively high 
value of these salts permits a sulstantial 


extract 


onve#rsion 


loss of manganese in the tron removal! 
peration without significantly affecting 
the economics of the process. If an ap 
weciable amount of were 
precipitated with the hydrate, it 
ould be recovered by reeveling the pre 


cipitate 


Manganese 
iron 


Production of Oxide Concentrat 
intended for 
ferromanganese 


should contain the highest possible pro 


Manganese concentrates 


the manufacture of 


portion «ot 
ettect 
be the 


This means, in 
that manganese monoxide should 


thanganese. 


predominant compound in the 
“oncentrate contains the 
lughest percentage of manganese of any 
of the oxides of that element 


because it 
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The purified extract is principally a 


solution of manganous and calcium 
chlorides. The manganese is precipi 
tated as a hydrated oxide by adding 


high-calcium lime slurry until the pH 
of the mixture rises to 9.5. During the 
precipitation it is desirable to exclude 
air, as far as possible, to avoid oxida 
tion of the monoxide to dioxide, thereby 
diluting the concentrate with oxygen 
Concentrates produced in this manner 
filter readily. The filtrate, which is es 
sentially a solution of calcium chloride, 
is concentrated by evaporation tor reuse 
m the chloride conversion step. 

\ typical product from the process 
with a 16% ore, contained 
0O0.5°° manganese. Roasting the product 
tor an hour at a dull red heat raised its 
manganese content to 64.56. An analy 
sis of the unroasted product is given in 


lable 1. 


starting 


blow Sheet. A schematic flow sheet 
ts shown im Figure 2. Countercurrent 
stage decantation is indicated as a means 
tor recoverimg values from the ganguc 
because a procedure of this general na 
ture was used in developing the process 
Slurries from the leaching operation are 
sumetimes dithcult to settle and filter 
Phese usually be im 
proved by pli adjustment, and a contin 


properties can 


decanter and sludge thickener 
most slurries satistactor 


practice The 


would handle 
indicates! 
tor washing the other precipitates would 


ily m method 
« practical because these materials can 
be filtered and washed without difficulty 

In illustration of the approximate size 
a commercial in 
stallation of the process 


t the equipment tor 
a design data 
sheet is shown in Figure 3. 
oft 48 tons of 159 
chosen tor the design, since that quan 


Conversion 
ore /24 hr. was 


tity would require about 75,000 gal. of 
pickle liquor of composition, 
and a number of the larger steel mills 
produces this daily volume of potential 
leach liquor. The equipment has been 
figured from conservative estimates of 
particularly for the four fil 
trations, where 20, 100, 25 and 50 th. of 
dry solids /sq.ft. of filter area /hr 


average 


capacities 


have 
been assumed for filtration of gangue 
calcium sulfate, iron hydrate, and man 
ganese 


concentrate, respectively. The 


possibility that one or another of the 


various salts might crystallize and clog 


rABLE 1 ANALYSIS OF MANGANESE 


CONCENTRATE, 
Manganese as Mat) 
Manganese as Mat) 
Feet) 
Calcium as Cal) 
Magnesiam as MgO 


Iron as 


Silica 

Phosphorus nil 
Sulfar as SOs 136 
Moisture at 120° 1.82 
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the equipment was taken into considera 


tion; solubility relationships showed 
that no difficulty would arise from this 
cattse 

The process has been designed to 


operate partly continuously and partly 
on the batch basis. As noted in the fig 
ure, duplicate reaction tanks were pro- 
vided, to be charged alternately, on a 
one-hour cycle. Each tank would then 
discharge alternately to the respective 
filter, which would operate continuously 
This is a flexible design that would per 
mit adjustment of cycle time to reaction 
rate. Although the probably 
could be operated wholly continuously, a 
confident design could be evolved only 
on the basis of further pilot studies, The 
design suggested has the merit of com 


process 


pactness, simplicity, and relatively low 
cost 

This process is covered by 5S. lat 
ent 2462.49, issued Feb. 22, 1949 

The basic principles involved in con 
verting low-grade ores with waste 
pickle liquor have been established, Vat 
ious ores behave in an individual fash 
ion, and actual procedures must be mod 
ified to suit specific ores, but the funda 
mentals of the pfocess as stated are such 
that they can easily be applied to any 
given situation 

Although the technology of the proc 
ess is simple enough, the geographical 
distance of most commercial deposits ot 
low-grade ore trom sources ot waste 


pickle 


tage Che 


disadvan 
attention being 
given to production of ferrous sulfate 
pickle 
a solution to the problem al 


liquor is an econonn 
mereasing 
monohvdrate from liquor may 
provide 
transportation economics. Monohydrate 


can be shipped a fairly long distance 
and successtul appheation of this com 
pound! to the process would permit the 
chemical operations to be carried out at 
the ore site where land is cheap. Labor 
atory studies are in progress to evaluate 
the effectiveness of monohydrate as a 


leaching agent 
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‘LEACH TANK 


WASH 


WATER 


! 
FILTER 


jO000 GAL 


WASH WATER 


WASH 


FINAL WASH 


Al wateR 


Discussion 
A. G. Lamont ( Eldorado Mining & 
Refining Port llope, Ont \bout 
the filtration of sran cake—Do you have 
to boil the solutuon before the 
or doe it filte well enough tor plant 


peration without 

Also | notice only one outlet tor m 
purite that m the tron cake. 
vas mterested in the build-up of mpur 
tee of chlornde hquor, whether th 
proce has been run on a multicve!l 
basis, amd ii se. if that build-up ef im 


purities has caused trouble m any part 


of the process ilso whether the build 


Ot would atfect produc thor 


oft purihed materials such as manganese 
ultat r chlorwle 
KD Hoak: We did not boil anv ot 
The man attempt to mnprove 
Itration rate. We have found fron 
experience that the iron precipitate fil 
ter fairly well if all the rev the 
terri tate Somiarly, a precipitate that 
ubstantially all ferrous hwdrate fil 
ter atistactorty But when a terre 
precipitate contams a moderate amount 
ot ter hydrate, the filtration rate is 
educed considerably This also true 
hen a terrous precipitate contains 
uch ferrie hvdrate. In general, our 
tudes have shown that the methods 
ven shoul! be suitable commercially 


It may be pointed out that the physica 


properties of the gangue suspension car 


be modified by pH adjustment 


On reevelng the chlorick 
olunon: Our work was done on a rela 
tively small scale, with volumes of sev 
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Fig. 2, Manganese Process Flow Sheet 


(930LBS Fe (On) FINAL 
GAL 


400 GAL WATER 


wash 


980.85 Mn FINAL 


wash 


6224 GAL 


WATER 


eral gallons solution, and it was not 
possible to make the kind of investiga 
thon required to reach a quantitative 


conclusion on the tendency of impurities 


the reevele. We studied 


to bunld up 


the solubility relations of the compounds 
im the various solutrons and did not ar 
ticipate an undue accumulation of con 
taminants im the chloride liquor. This 
s a question that should be mvestgated 
on pilot “ ale 

Anonymous: Dr. lioak mentione 
the problem of having the pickle liquor 
«> tar away trom the source of the 
low-grade ore. It ts my understanding 
that during World War as well 


us the most recent one certain plants de 


veloped the use of tubes to smelters m 


close proximity to low-grade ore ce 
posits. It is alse my understanding that 
those plants have not proved to be eco 
nomical durme normal times. Is there 
some similar process which might prove 
to be economical 


R. D. Hoak: 


It ts true that the Bureau 


ot Mines has done consideral work 
with sulfur dioxudle as a leaching agent 
Attention has been drawn to the Leaver 
sulfur dioxide process, among others 
ind some rather extensive pilot stuclte 
were mace I don't know of anv com 
mercial operations of that type of proc 


ess today. | should think that a 
from which sulfur dioxide could be 


lter 
ob 
tained in proximity to a deposit of low 
grade ores would provide an economical 


The 
pickle liquor has not been studied 


process question of transporting 
per 
There 


are many places in the United States 


haps as carefully as it should be 
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Fig. 3. Design ae Sheet 


CALCIUM CHLORIDE _4400 LBS 
CHLORIDE CONVERSION 
WASH = WATER 
WATER WATER 424 GAL 
4800 (BS GYPSUM 
GYPSUM | L BAL 
CHALK 2160. 8S CoCo 
waTteR WATER’ 
R FILTER 
OXIDE I 600 GAL 
separation 
(WASH 
__WATER WATER 
ANGA’ FILTER 
CONCENTRATE | 
| WATER 
| Gat water 


where pu kle 


liquor is being 


transported 


some distance. By that | mean a matter 
of 20 miles or more. It ws bemg car 
ried in ordinary steel tank cars or tank 
trucks he pours of hauling the 
material m suitable acid-resistant 


but here 


transporting 


barges has been mvestigated 
that 


pickle liquor have not beet 


we found rate for 


established 


Anonymous: Do vou believe the sul 
tur dioxide process pre ferable if close 
to the mine source ’ 


R. D. Hoak: That is a little difficult 


to answer. If smelter gases were avail 
able near a source of ore the process 
should be economically sound Our 


process was developed principally as 
utih pickle liquor 
would SO, 


means tor waste 
How it 
or an ammonium sulfate process, | coul 


all loca 


ng 
compare with an 
not say without a knowledge of 
factors involved 

Anonymous : What happens to the 
phosphorus im the ore’ 

R. D. Hoak: We did not study phos 
phorus systematically 
tal 
phorus and the concentrates contained a 


Our expermen 


ores contained about 0.2% 


phos 


trace, or none. | should guess that the 


phosphorus would be precipitated in the 
thi 


studies 


iron removal step. (Note. Since 
laboratory 
the 


precipr 


occ urred 
that 
phorus leached 
tates with the 
taining O.8% 
centrate containing 0.03%.) 


discussion 
shown most of 
from the 


\ silcious ore 


have phos 
ore 
iron con 


phosphorus vielded a con 


Twelfth 
( anada. } 


(Presented at Regiona 


Vecting, Montreal 
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ingenuity and skill 
basis for industrial 
expansion of .. . 


NEW ENGLAND 


. . . Site of the A.I.Ch.E. 
Boston Regional Meeting 


RALPH L. WENTWORTH 


Massachusetts Institute of Technology, Cambridge, Massachusetts 


MyM! than three centuries of humat No other part of the United States is underscored by the multitude of manu 
activity have gone into the stage as neatly packaged as New England facturing and service mdustries making 
setting for the Boston Regional Meeting containing an amazing diversity of in up the New England economy of today 
of the Institute. This is the New Eng- dustrial activity, vacation facilities, and But the beginning came hard. The 
lam! scene, and it offers a wealth of in historical interest. This diversity is the colonists who made the start had strong 
terest to those who will be attending the kev to an understanding of New Eng reasons for facing the job of carving a 
technical sessions of the meeting at the land. From the beginning, New Eng home and a living from the wilderness 
New Ocean House in Swampscott, landers have had a hand in a thousand These were men from all classes of 
Mass.. Maw 28-3). 1950 varieties of enterprises, a fact that is (Continued on page 16) 


GENERAL COMMITTEE MEETING SITE 


Standing (left to right): J. Donovan, Vice-Chairman; R. Sutherland, Transportation; F. S. Carpenter (for A. Stokes), 
Hotels; J. B. Pohlenz, Plant Trips; N. A. Sargent, Treasurer; A. W. Fisher, Jr. Ways and Means; A. J. Good, Secretary; 
R. L. Geddes, Program; W. B. Parker, Jr.. Hospitality; Seated (left to right); Mrs. C. P. Baker (for C. P. Baker), Regis- 
tration; Mrs. J. J. Healy, Jr.. Ladies’ Committee; J. J. Healey, Jr., General Chairman; G. A. Randall, Printing; J. N. Addoms. 
Public Relations; W. C. Rousseau, Entertainment. At the right, bird's-eye view of New Ocean House, Swampscott, site of 
the Boston Regional Meeting. 
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NEW ENGLAND 


(Continued from page 15) 


Laghsh life, united in their religious be 
hets and determimed to live lives of thetr 
direction. The little 
ham! of Pilgrims that came ashore from 
the Mayflower at Plymouth in Decem 
wr, 162), is one of the best known « hap 
ters m 


own story of the 


\merican history. If Plymouth 
had not offered a quiet harbor, an abun 
fish opportunity of 
ifling the grain caches of the Indians 
the story might well have ended very 
hortly. Fortunately, the 
omed the colonists at their first meeting 
mm the with this help the 


dance of aml the 


Indians wel 
spring. and 
hecaine success tul 


of the 


venture. By the first decade 


this suceess had induced others to come 


wer trom England, and settlement. 
vere firmly established all alone the 
New coast 


16M) 


ety iticer 


svoquired it 
rst chenneal the 
Winthrop Ir 
lent the establishment of 


atin 


its m 


erson of uheo set 
rom-making, aml saltpeter es 


Winthrop 


te the 


had t nnvel 
of las held ven 
stowk Wa! 


stvle at a huropear 


tures, m the 


street time when 
wis still the 
mited personal resources of the muster. 


n the craft The first technical paper 


\merican was delivered 


Koval ! W uithrop 
loi aml titled “OF the Manner of 


er read by an 


elore the Socrety 


Making Lar n New 
ml 
of manulacturimg 
vever tiny it seems was om re 
to a real need The 
re beset bw the problems ot establish 
ne a sell-sufficient community: for ex 


mple, the lass of their homes bw fire 


frequent Gocurrenes simply be 


ise sources Of lime for the construc 


tron of chimneys had not beet 


| 


proper 


cater Small 


exploited 


elped to burk! the colomes mto a col 
ection of thriving communities. Pros 
be« ime the lot, so muec! 
that ther booming trade in erain 
tur ml, and lumber became real 


mupetition tor the English merchant. 


This background of 
unl trade, established so early 
n the history of New Fy ind, account 


or much of the tretion that lughlights 


the prerevolutionary relations between 
the mother country and the « Haorties l 
stire, Uiere was a new pirit ot tree 
dom and seli-determination m the col 
thtsts approac! te relron and vert 
ment, but one of the chief reasons fo 
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the resistance of George III to this spirit 


was the loss of trade and tax revenue 
which was a certain consequence of seli 
determination the Revolution 
difficulties with the Crown were almost 
continuous, but New England 
going coneern not to be hindered bw a 


mere king's displeasure 


Wits a 


Alternating with their squabbles with 
the King hostilities that 
with the French in 1689 and continued 
imtermittently until 1760 


were began 
\tter victory 


vas achieved, there tollowed promptly 
nm attempt of George IIT to liquidate 
some of the heavy debt brought on by 
the war with the French by imposing the 
miamous Stamp Act upon the colomie- 


With the 


tron to the 


immedhate aml vociferous re 
\ct bewan the march 
Revolution. The Stamp Act 


was repealed. but only to he replaced tv 


Stanmip 


toward the 


taxes on trade im tea paper, and 


other commeadities Boston met 
chants retahated with a boveott of a long 


list of When the 
Massachusett retused to 


Sritish manufactures 


Legislature 


with a demand for the dissolu 


thon of the 


comply 


howeott, the Governor ad 


ourned the Legislature amd seven 


ship 


ods of British sokhers were sent te 


ton. Friction between this 


unl the people of Boston culminated in 


the Boston Massaere im 1770 


fallloqrounds Parlament 


tnally repealed all taxes except the one 


m tea, only te trol that boston would! 


mive tts tea without a tax or not at all 


lom the 


made, a 


certam that the pont was wel 


rathe okd-looking lot of In 


boarded the tea shups Losten 
Harbor one December mht amd pre 


of 


be 


ceeded to stir a tho 


the 


cup with exceedingly poor on 
dered the port of Boston und 
Haced the city under martial law This 
thon was the signal tor the tormation 
ot the military groups. calling them 
selves Minutemen. Their warlike prep 
ration caused Creeneral Gage. comman 


der of the Boston garrison, real concern 
ud it was an expedition of Gage’s men 
oncord bent ot 


to destroying military 


supphes gathered by the Minutemen 
that drew the “shot heard round the 
verld,” im a skirmish at Lexington 


(reneral s reaction to this declar 


thom of wa vas a prompt withdrawal 
to Boston, which became a citv under 
While Gage fretted in Boston 


ihout hus lack of troops and hoped that 


the colomsts would see the error of thet 
Nay reathrm ther lovalty to the 
King every tow ind village cheered 


June 


the patriots of Massachusetts. In 
1775, General Washington was elected 


t command of the 
had 


it was 


provincial troop 
m Cambridge, and 


Bunker Hill m 


mbled 
decided that 


that 
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Charlestown should be fortitied Gage 
met the challenge and. on attacking, car 
ried the field with heavy losses. 

Sunker Hill ended the shooting war 
for Boston; in 1776 Washington's men 
tortihed Dorchester 
cover of a raw March night and forced 
the British to trom the city 
\lthough the fighting South 
New England kept her share of the trou- 
that 
var. Inflation, shortages and proftitee 


Heights under 
withdraw 
moved 
bles went with the waging of the 
ing. Tores and an unwilling group of 
merchants and shippers whose busines. 
was rumed, played parts in hindering 
the prosecution of the Revolution. Pa 
triotic zeal and stubborness, the help ot 
France and the inability of the British 
to win a decisive victory prevailed, how- 
New itselt 


rest of thre tree 


and England tound 


vith the 


eve 
colomies, a 
went 

New England 


ludustrial Awakening 


ers made use of their freedom 
With a new continent to be settled and 
with 


Shipping boomed 


the work! to track they set out 
to fill the 


culmmating 


demand 
the great whaling fleet. 
und clipper ships of the mid-nineteent! 


century The mill. were established 


tore the end of the century New Ene 
aml was supplying the country with 
nearly all tinished cotton goods 


sas the development of the imadustrial 


North 


tem at war with rtselt and supplied men 


It became an arsenal for a na 


unl machines for the setthng of the 


West Intellectual accomplishments 


vere not neglected. Proper schooling 
hal been a prime consideration from 
the first, and the maturing economy did 


net newlect te acd to the prestige of it. 


educational svstem 

It the frontier heen this 
success story nught have continued un 
thated But New | rg lanl found that 


with the mostest 


is the 


met tustest position 


began to warm country grew up 
the center 
tor markets and population 
Phe lack of raw ma 
With 
the aging of the twentieth century came 
New England in 


a large part of the 


Competition mereased while 
of gravity 
moved westward 
a real handecap 


terials became 


evil days for many a 
loss of 
leaned 


mans 


dustry. The 


textile tmdustry many a town low 


Business for i venerable firm be 
came as nothing compared to the boom 
ing earher days he inevitable result 
was a housec leaning 


Today s New 


meeting tough competition 


England is successtully 
The cone 


hack ts compounded of a number of fac 


tors; perhaps the best summary of it ts 
to say that Yankee ingenuity has wor 
over Yankee intractability. A page-long 
list of manufacturers could be cited to 


s the back 
page M 


ow the diversification that 


(Continued on 
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12-page bulletin 
where you should use Duriron acid 
ment for corrosive wastes. 


SAL S¥srems 


WHAT YOU WILL FIND IN THIS BULLETIN 


A description of the high-silicon iron, Duriron 
Composition 
Advantages 
Physical properties 
Tests of corrosion-resisting ability 
Duriron drain line equipment 
Engineering data 
Sizes, dimensions, drawings 
Installation instructions 
Application information 
Installation 
Partial list of installations 
WRITE FOR BULLETIN 703 
A copy of this handy, fact-filled manual will be sent to 
without cost or obligation. Write today. ai 


THE DURIRON CO., INC. + DAYTON 1, OHIO 
Branch Offices in Principal Cities 
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PY 
This manual on drain lines will help you 
cut replacement costs | 
w how, why and ! 
equip- 
f : “ 4 4 
‘ 
| 
Peat? iz 
LOTS 
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PULP AND 
PAPER FOUNDATION 


L miwer ot Ma 


thamental nthe 


Foundation at the 
th encourage Tun 
hell was an 
nounced " month bw offierals of the 
university 

he 
official 


prog? 


Founmlatun according 


will teste 


To Hiterest students whe major 


chemical hemistry 
the pulp and paper program 

To pr 
form «of 
stinlents 
To offer 


pulp ard 


engineering of 


financial assistance m the 


amd 


vule 
scholarships tor 


a curriculum specializing 


paper technology 


To screen students whe have com 
pleted 
college traming, for a tive 
tress 


three of four years of hast 


year 
operational management 

statl with perscnn 
duction 


To augment the 
experience pr manage 
tent 


To advance tundamental aml! applix 


research for the pulp and paper and 


allied! 


Dy. Arthur A. Hauck, president of the 
Manne 


the part which im 


niversity of in makmg the an 
tre 


will take 


lustry in making the Founda 
them 


(det silent Scott 
a detailed 
need tor the Founda 


ne out that the pulp and paper clustry 


Vice-pre 
wave 


presentation of the 


thom, tts objectives and bhenetits 


nist attract and develop more outstand 


men with special trammg, Mr. Ohes 


the depend. on two sources 


in-the- plant and m-the-sechool tramu 


ter met supervised ml 
Strongly wine 


explained 


truction, VI ‘ 
nel paper 

thre Cry wee ot the ipproxm 
tuclent wit are wluates 


ait 


DIAMOND UPS 
SILICATE OUTPUT 


production 
lated product 
per cent 
The plant now will | three SO.000 


ton turnaces. \ ed unt was 


mstalled im the turnace beans be 


Total cost of the 
was 


was enlarge 


expan 


project 


l’reeluction mecreases were attribute: 


tantly ere 


the con 


lustry tor 


NEW FRACTIONATING 
TOWER PACKING 


\mericat Refining orp. ap 
Marshall-Moorman Devel 
New York, N. Y., technical 


ygent. tor Panapak, new 


The 
opment 


and heensing 


industrial packing tor fractiomatmneg 
tower. 

sembly of multi 
metal lath 


Scotield 


\ a 
ple laver- ol x partied 
lanapak, was invented by R. ¢ 
amd patent rights are assigned to Lar 
American 
vearTs ma 
Pan 


alist twe 
installation at 


retinery 


It has been 
commercial 
\merican’s oil Texas 
Scofield described the 
A.LCh.E. at the Pitts 
His Industrial 


lower will Ine 


Tex., and 
packing to the 
burgh meeting paper 

Packing 


published shortly in Chemical Engineer 


Frac thomating 


mg Progress 


BOOKLET AVAILABLE 
ON RADIOISOTOPES 
\ general survey of the tracer and 
control work bemg done with radiomeo 
topes has heen published bw The Kellex 
New York N \ 


While chrected primarily at the indus 


Corp., 233 Broadway 


trial reader, the pamphlet includes work 
on the lite sciences 

In reterring to the industrial employ 
radioisotopes today, the 


that the uses range all the 


ment «al com 

' state 

mproving de-ter 

to the development at 

tor petroleum refining 

muelustry tracers | 

the laboratory to tag 
throug 

upply of booklet 

| 

\lso during the month rachorsotope 

ork it us revealed by Dr 

Crompton ot the Atom 


that shipments or rade 


Charl 
Energy Cor 
wtive materials have 
\tomec 

entists on all 


More than 100 separate laboratome 


now been n 
parts of the count 
synthesizing 1 


now ene aged mn 


vely labeled compound 
revealed! that the 
\ has 


laborators 


Dr. Crompton 


t the 


practical methods 
lalve ke 


levelopment 
<vnthesizing 45 selected 


The purpose 


explained, is 
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xunds available at a price based only 


and materials required to 
arry out the final synthesis. The divi 
status report oF 


om thee 


Is now preparing 


chemically synthesized labeled com 


pounds, he 

Another mnportant cleve nt in the 
ipplication of tagged atoms to various 
problems is the imereasing 
secking 
handiiag 
use of Last year 
it is reported, the Oak Ridge In 
stitute for Nuclear Studies tramed about 


researc! 
number of scientists who are 
und receiving traimng im the 
und rachoisotopes 


4) scientists in the use of radioisotope. 


DOW BUILDING 
AMMONIA PLANT 


Co. has 


The Dow 


comstruction on a 


begun 
new $5,000,000 am 


neenia plant at Freeport Tex The com 
pany states that it expects the plant to 
late 1050 The 
plant will make available refrigeration 
technical 


ammonia in tank-car quantities as well 


be completed by new 


grade and grade anhydrous 
as quantities of aqua ammonia to indus 
trial and agricultural consumers in the 
South and the Mississippi Valley 
Anhydrous ammonia is a major sourc: 
fertilizers 


has been used for direct fertilization in 


of nitrogen for use im and 
considerable quantity on the West Coast 
the Delta Arkansas 
Louisiana, and Mississippi. Dow 
that that this use 
will spread to the corn-growing regions 
ot the Middle West and the cotton 


und vevetable sections of the South 


and in region of 
states 
there are imdications 


rice 


HOOKER TO EXPAND 
WEST COAST PLANT 


i R. Bartlett 
lo 


Hlooker 
Fall. 


vealed plans for an imerease 


president 

Niagara 
has re 
production facilities for caustic sod 
ml liqued chlorine at =the 


be om charge of the company own 


neermyg staff, is expected to be completed 


n October 
Two circuits of old electro 


Ivpe | 
removed and 


‘ ells 


treating brine 


vtic cells wall be 


s.3 


replaced 


by Additions for 


handling and purifying 


" 


caustic, and hquetying chlorine will alse 


be made. Triple-effect pans will he used 


for caustic evaporation and a new botler 


will supply ulditional stean 


require 


ments, Provision ts to be made for addi 


thn rectiher capacity tor converting 


ilternating current to chrect current re 


uired tor the cells. The mercury rect 


his purpose are already ot 


the purch: f a substan 


a 
ng demand in the 
one 
& vel catalyst 
ae 
: 
4 
—— 
4 
wie 
eck 
mately i 
ear 
Gas anil pape 
urrecula 
eal \ © graduate 
Mr. Ober che 
Diamond cently put int 
ton fore « at re 
ot cate i that the 
tien of Case 
pou program 
te make these cor (Continued on page 20) 
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WATER as pure ut ph ) /) Mixed-Bed™ 


Water an order of magnitude purer than previously possible to produce on a commercial scale is now 
being supplied to manufacturing plants and research laboratories by ILLCO-WAY Mixed-Bed De-ionizers 


This newest development of ILLco-Way 

engineering and research provides a 

constant treated water- pH of 7+0.1— 

total dissolved solids (including CO, 

and silica) less than 0.1 ppm~— with 
resistance over 10,000,000 ohms per cm (18'c). 


Water of this purity is obtained from practically 
any water supply with a single pass. Jnstant pur- 
ities are available during intermittent operation. 


The new Mixed-Bed De-ionizer can be operated 
on raw water supplies—or added as a final treat- 
ment to your present conditioning equipment. 
Package units up to 1,000 gph. Larger equipment 
engineered for specific need. Write for full descrip- 
tive literature. 


core 
WLINOIS WATER TREATMENT CO., 894-3 Ceder Rockford, Illinois 
T31OAE-3 Empire State Building, New York City 


ENGINEERING AND EQUIP MENT—DE-IONIZERS for process woter treat and tr of liquids end solvtions other then woter; woste 
ion of specific constituents. DE-ALKALIZERS: Boiler feed (external); Bottling water. SOFTENERS: Industrial, Domestic. FILTERS, etc. 
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INDUSTRIAL NEWS 


(Continued from page 18) 


War Assets Ad 


ministration several years ago 


tial number from the 
Some ot 
both at the 
Tacoma and the Niagara Falls plants 
(nher cell 


addi- 


these are currently in use 


facilities will include a new 
construction and renewal building 
tional storage tanks 


panded dock tacilities 


water supply, ex 
increased chlorine 
handing and 


liquefaction equipment 


et 


INSTRUMENTAL ANALYSIS 
OFFERED AT M.LT. 


Iwo one-week specialized trammg 


analysis wall 


10-14 and July 17 


ograms m mstrumental 


offered trom fuly 
1950 summer session 
Ma swchusett Ir Tech 
In announcing the two courses 
Walter H director of the 


ummer session, pointed to the 


is part of the 


titute ot 


(vale 


greatly 


wreased use of imstrumental method 


n apphed analytical chemistry, particu 
those involving optical amd elec 
trical mstrument 
Dr David N 
both assistant 


Lockhart 


protessor ot 


Hume and Dr 
Rowers 
hemistry at will conduct the twe 
ourse 

The first week's 
10 te 14, will 


methods of 


progran July 


devoted to 


trom 
electrical 
malvsis and 


polarog 


instrumental 
ll emphasize potentiometry 


conductimetry mperometric 


thn ind ipplie ot selt-balanc 
recording potentiometer 
Optical 


methads of mstrumental anal 


including spectrophotometry, color 


metry, fuormmetry, nephelometry, an 


thane photometry will be the subject of 


17 to 21 
Tuition for each one-week period will 


he S50 


e« second program, July 
Application forms may be ob 


Room 


Protessor 


trom 


MII 


(rale at 
Cambridge 39 


FOSTER WHEELER HAS 
FRENCH SUBSIDIARY 


ter Wheeles New 
has organized a French 
v, Societe Foste W 


handling  bkuropean 


Corp York 
subsid 
weler Francaise 
comstructiot 
activities vwcordmg to H > Brown 
The 


othees at 


chairman ot the parent corporation 
French company Ww 
6, Rond Po Elysees im 

kM erre will direct the sales 


work on the ¢ 


maintain 


ontinent of Europe witl 


headquarters at the Paris office 
E.C.P.D. ISSUES REPORT 


OF ACHIEVEMENTS 


The Seventeenth 


the ECPD highlights 


Page 20 


made to improve the competence of its 
members and to make engineering work 
rewarding satistac 


more in personal 


tions. A feature of this recently pub 
lished report of 47 pages is an article 
“What Is ECPD? 
history, organization, and procedures of 
the ECPD 
1932 to enhance the professional status 
ot the 


which relates the 


a cmicrence organized in 


engineer through cooperative 

efforts of the exght engineering orgam 
A.LCh 

during the past 

Sept 61949) in 


Establishment of 


zations among them the 
Prowre achieved 


vear (vear ended 


cludes the following 
1 7-point program directed toward ex 
tension of educational processes into the 


period and the 


Ethics for 


following graduatior 


Council's Canons of Engi 
neeTs 

Copies of the report can be obtained 
from ECD, 20 West 39th Street, New 
York, N. Y., for 


50 cents 


PROBLEMS WANTED 


Stoichiometry, Kinetics, Unit 
Operations and other problems are 
wanted for the new edition of 
A.LCh.E. problems booklet. 
Actual industrial problems espe- 
cially desired. Send problems and 
brief solution to Frank A. Ander- 
son, Co-Chairman, Problems Com- 
mittee, department of chemical 
engineering, University of Missis- 
sippi, University, M 


KELLOGG EQUILIBRIUM 
CHARTS AVAILABLE 


Iwo large volumes of charts contain 
ing liquid-vapor equilibrium constants 
ind one large volume contaming fugaci 
ties for hight hydrocarbons in mixtures 
have just been published by The M. W 
Kellogg to 

Samples of the charts 
Kellogg 
shown at the 
ot the 


based on the 
State first 
Pittsburgh annual meeting 
A.L.Ch. E. by Manson Benedict as 
part of his paper on liquid-vapor equi 

hbriam The been checked 
by application to multicomponent expert 

imental work performed in Kellogg lab 


Equation of were 


charts have 


im various universities 
Differmy charts 
in the past, these Kellogg graphs are not 


oratories 


from similar issued 
only functions of temperature and pres 
a function of the 

both the 
The charts 
graduated from atmospheric to 1000 Tb 


sure but also are com 


position liquid and vapor 


cover pressures 


“| in.abs. for anv mixture of hydrocar 


bons from methane to #-heptane, includ 
ing wunsaturates. For higher 


Kellogg 


pressures 


has made avatlable tugacity 
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charts that go from 1000 to 3600 Ib./ 
sq.in.abs 

Instructions for use and sample cal- 
culations for bubble points, dew points 
flash 
cluded. The two volumes covering pres- 
sures from 147 to 1000 Ib 
available as a package for 


and equilibrium points are in- 
sq.in.abs. are 
$20. An 
additional $10 will be charged for the 
charts. For 
write the Chemical Engineering Divis- 
ion, The M. W. Kellogg Co., 225 Broad 
New York 7, N. ¥ 


volume of fugacity copies, 


way 


DEPT. CHEM. ENG. AT 
NEW HAMPSHIRE UNIV. 


Creation of a department of chemical 
engineering, described as a significant 
step in aiding New Hampshire industry, 
was announced recently by the Univer- 
sity of New Hampshire, Durham, N. H 
Dean Lauren E 
ot Technology said the new department 


New 


survey 


Seeley of the College 


is a response to the needs of 


Hampshire where a_ recent 
showed the importance of chemical engi 
The 
new department will be headed by Dr 
Oswald 


chemical 


neering in industry's development 
Zimmerman, professor of 


engineering, who has been 
teaching the subject in the department 
of chemistry 46.) 
ity on synthetic resins 


cements, Dr 


(See p An author 


and 


Zimmerman has been at 
the University since 1938 
Effective next fall, the 


ment have its 


new depart 


will laboratories in the 
$1,000,000 engineering building which ts 
nearing completion. Although chemical 
engimmeering has been taught tor 


ber of 


1 num 
years, laboratory equipment has 
been limited because of a lack of space 
in the James 
Hall half of the 150 students 
currently majoring in the field of chem 
stry 


ing 


main chemistry 


\bout one 


building 


are enrolled in chemical engineer- 


RESEARCH CORP. GIVES 
GRANT TO UNIV. DENVER 


\ grant of $3,420 has just been re 
ceived by the Denver 
New 


one 


University of 
Research 
N \ tor 


period oft 


irom the 
York 


vear 


Corporation 
support over a 
research on oil shale 


The sum has been awarded to Dr 
Charles H 
chemical engineering, and a member of 
A.1.Ch.1 for a study of the “Effect of 


Solvent Configuration on the 


Prien, associate professor of 


Depolym 


Ker 


erization of Oil-Shale Kerogen 


ogen ts the oil-producing constituent of § 
shale 


I hese 


contributed 
from Research Corporation's net earn 
Frederick Gardner Cottrell 


funds are gratis 
mgs, as a 


Grant,” named in honor of the corpora 


thon's founder 
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n 
MEE Annual Report of 


Prices from Ol, Point and Orug Reporter, Feb. 13, 1950 


CELANESE 
SOLVENT 
601 


400 


600 


EVAPORATION RATE (BUTYL ACETATE~100) 


CELANESE SOLVENT 


It is no longer necessary to pay premium prices for 
an active solvent in order to get the evaporation 
rate you require. 


Look at this chart. It shows the cost as a function 
of evaporation rate of five active solvents com- 
monly used in nitrocellulose and other lacquers, 
and viny! coatings. Inside the curve—in the area 
of economy— you'll find Celanese Solvent 601. 


Celanese Solvent 601 can give you savings up to 
16¢ per gallon. Substantial savings can also be made 
by supplementing the solvent power of methyl 
ethyl ketone with the cyclic oxides of Celanese 
Solvent 601. Call or write for prices and other techni- 
cal information. Celanese Corporation of America, 
Chemical Division, Dept.44-C, 180 Madison Ave., 
New York 16, New York. 


i! 
GHEMICALS 


* Reg. Pat. OF, 


ALCOHOLS + ALDEHYDES SOLVENTS 


+ ACIDS + GLYCOLS - 


KETONES + PLASTICIZERS - 
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0.80 
DELIVERED COST 4 
PER GALLON METHYL ISOBUTYL 
(Tonk Cars) @ KETONE 
0.70 SEC-BUTYL 
e ACETATE 
@ ETHYL ACETATE 
METHYL ETHYL 
0.60 KETONE é 
Ke 
Kea 0.40 a 
G 
Ge 
0 200 = = 800 a 


Institute met m the office ot the Ex 


Executive Committee of the 


ecutive Secretary Feb. 10 and after 
ipproval of Minutes of the Executive 
Committee meeting of lan. 6 reviewed 
the Treasurer's report am! voted its 
ipproval. Vayable bills were approved 

On behalf ot the Committec 
ipproved tor election, upon recommen 
dation of the Committee on Admissions 
ill those wl 


It completed appointments to the various 


ose names are listed below 


ommittees upon recomendation of the 
hairmen 

F. J. Van Antwerpen was appointed 
as alternate to |. R the 
National Research Counet!’s Commuttes 


Nuelear 


Hutfiman on 


n (lossary at Derm mm 


Science and Technology 


SECRETARY’S PAGE 


S. L. TYLER 


James G. Vail was appointed Institute 
representative at the meeting of the 
Academy of Political and 
Social Science to be held in Philadel 
phia, April 14 and 15 

C. G. Kirkbride was appointed Insti 
tute representative to work with the 
U.S.A. National Committee, to review 


American 


papers from our members tor possible 
presentation at the Third World Petro 
leum Congress, May 28-June 6, 1951, at 
The Hague, Holland 

Discussion was held on such matters 
as preparation of a new set of By-Laws 
for the Institute and several other mat 
ters regarding office procedures and 
records 

The new practice was initiated of the 
Executive Committee's reviewing the 
entire agenda tor the Council meeting 
in order that Council meetings might be 
expedited and thus make available more 
time for the discussion of broad policy 
matters 

The Counce: of the Institute met on 
the afternoon of Feb. 10 at The Chem 
sts’ Club and among the items of busi 
ness were the approval oft Minutes of 
the Counci! meeting on Jan. 6 and the 
Executive Committee Meeting of the 
same date: also the appointment of 
Tellers to count the ballot. on the 
mmendments to the Constitution 


in accordance with the practice estab- 
lished last year one member of Council 
acts as haison member for each of the 
standing committees of the Institute. 
These appomtinents were made 

Council approved the appropriation of 
$234.90 as our proportionate share of 
the budgeted expenses of Engineers 
Joint Council 

E. B. Christiansen of the University 
of Utah was appointed Institute repre 
sentative at the celebration of the 100th 
Anniversary of the Founding of the 
University of Utah, Feb. 27 and 28 

Secretary reported that the Institute 


had been accepted as a member body of 


the American Standards Association 
Our representative on the Standards 
Council of the A.S.A. will be T. H 
Chilton, and E. H. Amick, alternate 

The Council appointed M. B. Co 
viser as an alternate of the Institute on 
the American Standards Association's 
new committee, the Chemical Industry 
Correlating Committee; our representa 
tive on this Committee is |. G. Lawrence 
amd the other alternate is W. G. Fogg 

Several matters dealing with policy 
amd the future of the Institute were dis 
cussed at considerable length but no de 
cisions were reached so report on them 
will be postponed until final action is 
taken 


NEW A.I.Ch.E. MEMBERS ELECTED FEBRUARY 8, 1950 


ACTIVE MEMBERS 


Arnold M. Ames 
William P. Bebbington 
F. H. Belden 
Norman Bell 

Harold J. Born 
William A. Casey 
Leonard Hart Cirker 
A. M. Cooley 
William H. Corcoran 
Malcolm M. Coston 
A. Richard Downing 
George James Dustin 
Fred Eastman 

J. W. Elston, Jr 
Charles F. Hauck 

R. T. Henson 
Donald C. Holmes 
Emery Ikan 

Walfred Jukkola 
George Karnofsky 

C. H. Kollenberg 
Blaine B. Kuist 
Willard E. Ledding 
W. A. Lindenmaier 
Louis F. Loutrel, Jr 
Maslyk 


John D 
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Lloyd R. Michels 
John E. Morrow, Jr. 
DeWitt O. Myatt Chas. D. Boyer, Jr. 
Charles L. Nickolls 
Alfred H. Riley, Jr. 
Kenneth T. Sloan 

R. P. Stevens 

Robert W. Timmerman 
Edwin G. Willing 

R. M. Willis 

James H. Worth 


ASSOCIATE MEMBERS 


Lloyd E. Dean 
H. A. LeBlanc, Jr 
Robert M. Neel 
Rollin G. Taecker 


JUNIOR MEMBERS 


Jose Manuel Abreu 
Adams R. Jayaraman 

John George Athens 

Frank Augustine 

Austin 

Donald F. Barrett 

George W. Bauserman 


Robert B. Blomeyer 
Robert A. Bogan, Jr. 


Robert A. Buckley 
Key R. Caldwell 
Kenneth S. Canfield 


James F. Culverwell 
William L. Engan 
ames B. Fleming 
rwin R. Friedman 
Arthur E. Geers 

J. Guilford Gerlach 
Robert J. Getty 
Shelby R. Gibbs 
Wayne Glover 


Robert S. Herrod 


Edward W. Holzknecht 


Hugh J. Horne, Jr 


Peter A. Kahn 

Sam T. Kiguchi 
Ellis M. Landsbaum 
Robert M. Langer 
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Paul Emerson Cherry 


Bruce D. Hainsworth 
R. Cameron Hammersicy 


Martin S. Maltenfort 


Wayne E. McCoy 
Richard E. Milana 
Morton P. Moyle 


Llewellyn Francis Brennecke Steven Muzik 


David A. Nelson 
Thorwell H. Paulsen 
Peter A. Puleo 

H. Maynard Rees, Jr. 
William C. Richards 
Lester E. Robb 
Robert L. Robertson 
Giuliano Romano 
Paul R. Schweppe 
Robert E. Siegfried 
John E. Sigler 

Olin K. Smith, Jr. 
Charles W. Stager 
Arnold H. Stern 
David F. Stewart 
Richard Platt Troeger ‘ 
Edward J. Vidt 
Robert F. Walton 
David F. Wells 
Larew W. Wheaton 
Malcolm K. White 
Frank H. Wilson III 
Robert L. Zilligen 
Robert F. Zwinak 
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This example of Badger's current 

work in the Sterling area is the 

largest post-war rehning unit in 

Europe yet to be completed and 

brought into successful operation. 

Badger's British and American 

companies together designed, 

rocured and installed this 40,000 

PSD crude distillation yt at the 

Llandarcy Refinery of National Oil Refineries 
Ltd., for Oil Company Ltd. 


Practically all of the materials were of British 
manufacture. 
Here is an example of Badger at work in the 


international scene. Our British Company 
is well established and its activities 
integrated with those of the American 
parent. Relative dollar and sterling effort 
and equipment can be proportioned to 
suit respective currency availability, and 
this arrangement can be extended to 
provide for other currencies as well. 

The establishment of our British 
Company twelve years ago, which in itself 
has executed contracts totaling many tens 
of millions of dollars, is a further example 
of Badger service to clients throughout 
the world. 


LOCAL SEC 


SOUTHERN CALIFORNIA 


The January meeting was held in the 
Wilmington the 
Union Oil Company of California with 


95 member 


refinery caicteria of 
amd guests in attendance 
Kohl industrial ap 
Western division 
Berkeley, Calif 
miormative 


Jerore head of 


plication Iracerlab 
Inc presented a highly 
and extensive talk entitled 
. Properties 
Engineering Applications 

It was 
Atom 


science with a valuable tool for research 


Pheir and 
amply demonstrated that the 
Energy Program has provided 
am! production control by distributing 
The 
of this new technique is 
but 


radioisotope current limitation to 


the uses now 


rot rather trained 


Manpower \. 


chemust 


There engineers and 


fammhar with the inher 


thi theld 


become 


ent possilnlities of inclustrs 


can expand its use of radioisotopes 


Further progres n applications of 
achochemiustry 
Otheers tor 
Chawman-—Ben M 
M. Parsons Co 


Aatrman 


thus mevitalble 
ite 
Holt 


The Ralph 


Ira Bec htold, 
Corp 

i redsurer 
Chil ¢ 


Lake 
Caltiornia 
(Senior Mem 
F. J. Lockhart, University 
t Southern California 
(Junior Member) William ¢ 
C. F. Braun Corp 


Reported by G. R 
and 


Ceorge R 
ompany of 


Gardner 


Lake 
wsenblait, Jr 


ROCHESTER 


Officers of this section for 1950 are 


Orrington Dwyer, Univ 
ot Rochester 

Vice. Mohr 
Kodak Park, Rochester 

Secretar karl W. Costich 
Equipment Rochester 

Treasurer. G. Cooke 


Kodak Park, Rochester 

At the Feb. 15 mheeting 21 
and ittended the 
the 


Memorial Library 


( hawrman 
Bldg. 23 
Mixing 
Bldg. 23, 
members 


Lo- 
held at the 


wuests at 
renzo's and 


Rundel 


meeting 


TION NEWS 


The speaker of the 
(reer “Cold 


evening Paul S 


Rubber.” With 


ciscussed 


the aid of photographic slides Mr, Greer 


the 
He 


rubber 


gave considerable information on 
production details for this material 
the cold 
and governmental control over its 


The 


with the showing of a sound movie An 


covered properties of 


pro 
duction concluded 


program was 


American Story,” by the Goodvear Tire 


& Rubber Co 


ment of 


dealing with the develop 
synthetic rubber 
Reported by Earl W. Costic! 


WASHINGTON-OREGON 


Officers of this 1950 are 
is follows 


section tor 


( hairman-——} 
Textile Tower 
lice-C hairman—-F. B 
Washington, Seattle 5 
Treas.-W. S. Munro 
Co., 911 Western 


Armbruster, 1702 
Seattle 1, Wash 


West, Univ. o 


Mon 
Ave 


cvetary 
santo Chem 
Seattle 4 


Reported by W. S. Munro 


ROCKY MOUNTAIN 


This section wound up the year 1949 
with a dinner meeting at Cunningham's 
Restaurant Colo, Col. V. C 
Huffsmith, Army Air Forces, 
talk Patterns for War 
Huffismith is a graduate of West Point 
1048 
Army 
Industrial Research In 
University of Denver 


Reported by C. H. Prien 
TULSA 


earon 


Denver 
wave a 
on Colone! 


and since September has been 


military consultant for Ordnance 
research at the 


stitute 


Robert 


and director of 


nuclear physicist 
research in the nuclear 
laboratories of Well Surveys, Inc., spoke 
Feb. 14 before a meeting of A.L.Ch.E. in 
Tulsa. He the destruction 
which might be dealt to any populated 


described 


port area exposed to a hydrogen bomb 
explosion. Such an explosion could be 
brought about by materials transported 
cratt 


harbor 


by unfriendly into the vicinity of 


U.S 


OFFICERS OF TWIN 
CITIES SECTION 
Top: J. B. Calva, Ex. 
Comm.; W. M. Podas, 
Publicity Chm.; W. A. 
Carlson, Ex. Comm., and 
W. H. Goss, Ex. Comm. 
Bottom: R. J. Foster, 
Ex. Comm.; E. I. Piret, 
Chm.; R. H. Fredrick- 
son, Sec.-Treas., and R. 
Stephenson, Vice Chm. 


Physical methods of policing against 
the delivery of such a blow prac- 
tically impossible to attain with infor- 
mation now generally available. 


are 


The general use of hydrogen bombs 
tuture hold a proba 
bility of complete destruction and disor- 
all 


opinion 


ma war would 
civilized socicty. in 
He that the 
build the hydrogen bomb immed 
but lack of et- 
technological defenses 
the | » 
equal amount of 


ganization ot 
Fearon's urged 
because of 


iately also 


lective against 
such bombs should spend an 
efforts to 


on 


money on 
international 
weapons 


Reported by T. O 
BATON ROUGE 


Officers for 1950 are the following 
Keller 


bring about accord 


atomic 


k:liot 


( hairman 
Vice-Chairman M. Smylie 
Secretary |. ©. Fedoruk 
reasurer R. H. Bretz 
Executive Committe 
S. Pressburg 
W. Richardson 
M. Rodekohr 
lr. Piercy 
The above-named officers were elected 
at the annual meeting held at the Heidel- 
berg Hotel with 38 members in attend 
ance on Dec, 15, 1949 


by-laws which changed the fiscal year to 


Changes in the 


the calendar vear to conform to the offi- 
cers’ tenure and a division of officers to 
provide for a secretary and a treasurer 
were approved, 

Dr the 
section presented a technical discussion 
Distillation Calcula 
Principally, the subject involved 


Jesse Coates, a member of 


on Simplited 
tions.’ 
the theatrical basis and practical appli- 
reflux 
ratio, the number of theoretical plates, 
and of the distribution of 
components im feed between the 


cation of obtaining minimum 
estimating 
the 
overhead and bottom products. 

Reported by J. B. Killgore 


TENNESSEE VALLEY 

the newly 
1950 are as follows 
Cecil Rose, 1606 30th 
Sheffield, Ala 
Charman—D. O 
95. Village 


Names and addresses of 
elected officers tort 
Chairman 
Ave 
Vics 
House 
Ala 
Secretar, G. E 
2. Sheffield, Ala 
Treasurer 
Park, Sheffield, Ala 
kxecutive Commitice Members 
r. P. Hignett, 48 Village 1, Shef- 
field, Ala.; W. C. Saeman, 1907 
Cloverdale Road, Florence, Ala. 
Reported by D. O. Walstad 


(Continued on page 26) 


Walstad 


2. Sheffield 
Stoltz, 76 Village 


Hicks, Highland 
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Could this mean a 


FORTUNE 


to you? 


Every pound of bauxite, the ore 
from which aluminum is produced, 
contains a minute quantity of gal- 
lium. While no commercial method 
has been developed to extract all of 
this metal, Aluminum Company of 
America is now removing a small 
fraction of the gallium present in 
Aleoa bauxite, and is offering com- 
mercial quantities of it in high-purity 
metallic form. 

Gallium presents properties that 
are indeed stimulating to scientists, 
researchers and development. engi- 


neers— properties that open the door 


This cube melting in a man’s hand 


is the metal—GALLIUM. Long recog- 


nized as an element, gallium is now 


commercially available. To what uses 
ingenious Americans will put it, is 


anyone's guess. Some already have 


to possibilities in numerous fields. 

Gallium has an unusually wide 
liquid range. Although it melts at 
body temperature, it will not boil 
until heated to about 3600° F. It 
“wets” the surface of many ma- 
terials—-can be painted on glass to 
make a brilliant mirror. And it ex- 
pands when it solidifies. 

We can’t predict what the future 
holds for gallium, but we're betting 
there will be some amazing— and 
profitable—developments in the 
years to come. It may pay you to 
investigate this wonder metal. Gal- 


(ALCOA! 


ALUMINAS and FLUORIDES 


ACTIVATED ALUMINAS + CALCINED ALUMINAS + HYDRATED 


ALUMINAS 
ALUMINUM FLUORIDE + 
ACID FLUORIDE + FLUOBORIC ACID + CRYOLITE + 


TABULAR ALUMIRAS + LOW SODA ALUMINAS 
SODIUM FLUORIDE + SODIUM 


GALLIUM 


CHEMICAL ENGINEERING PROGRESS 


started in a limited way. 


lium could mean a fortune to you! — 

Let us send you a free copy of © 
our booklet “Alcoa Gallium.” 
Avumivum Company OF AMERICA, 
Cuemicats Diviston, 605c Gulf 
Bldg., Pittsburgh 19, Pennsylvania. 7 


When allowed to solidify in am- 
ple space, gallium forms beauti- 
ful orthorhombic crystals. 


a 
| 
4 
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FUTURE MEETINGS AND SYMPOSIA OF A.1.Ch.E. 


Chairman of the Al. Program Committee 


George E. Holbrook 


Room 7406 Nemours Bidg.. 
FE. I. du Pont de Nemours & Co. 
Wilmington, Del 


MEETINGS 


- Swampscott, Mass., 
New Ocean House, May 28-31, 
1950. 


Technical Program Chairman: R. L. 
Geddes, Stone & Webster Eng 
Corp., Boston, Mass 

Co-Chairman; R. Gilliland, 
Massachusetts Institute of Tech- 
nology, Cambridge, Mass. 


1 Minveapolis, Minn., 


Regiona 
Sept. 10-13, 1950. 


Technical Program Chawman: E. L. 
Piret, Minnesota ae & Mig. 
Co., Minneapolis, M 


Columbus, Ohio, Dec. 3-6, 


Annual 
1950 


Technical Program Chairman: John 
Clegg, Battelle Memorial Institute, 
Columbus, Ohio 


IKausas City, Mo, May 
13-16, 1951 
Technical Pregram 
Walter W. Deschner, 
Pritchard Co. Kansas City, Mo 


Annual— Atlantic City, N. J., 
Chalfonte-Haddon Hall Hotel, 
Dec. 2-5, 1951. 


SYMPOSIA 
Indoor vs. Outdoor Plant Con- 
struction 


Chairman: J. R. Minevitch, 
Badger & Sons Co., 
Boston, Mass 


Not scheduled 
Chemical Engineering Funda- 
mentals 


Chairman: Mott Souders, Shell De- 
velopment Co., San Francisco 


Minneapolis, Minn. 


E. B 
75 Pitts St. 


Meeting 


Meeting 


\uthors wishing to present papers at a scheduled meeting of the 
should first query the Chairman of the A.L.ChE 


Chemical Engineering Kinetics 

Chairman: R. H. Wilhelm, Prince 
ton (N.J.) University 

Meeting— Minneapolis, Minn 

Chemical Engineering in Food 
Industries 

Chairman: W. L. Faith, Corn Prod- 
ucts Refining Co., Argo. Ill. 

Veeting Minn 

Phase Equilibria 

Chairman: W. C. Edmister, Carnegie 
Inst. of Tech., Pittsburgh, Pa. 

Veeting Minn 

Fluidized Systems in Chemical 
Syntheses 

Chairman: E. R. Gilliland, Massa- 
chusetts Institute of Technology. 
Cambridge, Mass. 

Swampscott, Mass. 


Ultrasonics 

Chairman: Dudley Thompson, Vir- 
inia Polytech. Inst., Blacksburg. 
fa. 

Meceting—Swampscott, Mass 

Applied Thermodynamics 

Chairman: James Coull, University 
of Pittsburgh, Pittsburgh, Pa 

Not scheduled 

Eni in Gl 

Industry 

Chairman: F. C. Flint, Hazel-Atlas 
Glass Co., Washington, Pa 

Vecting Not scheduled 

Processing of Viscous Materials 


W. W. Kraft, The Lum 
mus Co., New York 

Vectng—Not scheduled 

Air and Water Pollution Control 

( hairman: Richard D. Hoak, Mellor 
Institute of Industrial Researc! 
University of Pittsburgh, Pitts 
vurel 


Minneapolis, 


Minneapolis, 


Veeting 


Meeting 
Chemical 


( hairman 


Vectn Columbus, 


A.1LChE 


Program Commuttee, George 


E. Holbrook, with a carbon copy of the letter to the Technical Program Chair 


man of the meeting at which the author wishes to present the paper 
Van Antwerpen, 
If the paper is suitable for a symposium, a « 


carbon should go to the Editor, F 
New York 17, N. \ 


\nother 
120 East 41st Street. 
irbon of the 


letter should go to the Chairman of the Symposia, instead of the Chairman of 
the Technical Program, since symposia are not scheduled for any meeting until 


they are complete and approved by 


national Program Committee 


Betore 


authors begin their manuscripts they should obtain from the meeting Chairman 


a copy of the Guide t& 
first book cowers the 
the proper 


preparation 
presentation of papers 
papers are 


who delivers his paper 


Authors, and a copy of the Guide to 
manuscripts, and the 
A.LChI 
udged at every mecting and an award is made to the 
in the best manner 


Speakers. The 
see ond covers 
Presentations of 
speaker 
Winners are announced in Chemical 


meetings 


Engineering Progress, and a scroll is presented to the winning author at a 


meeting ’ «al section 
wuld be sent to the 
the Technical Program Chairman 

Program Chairman if 
should be sent to the ditors’ office 


a meeting cannot be 


prepared 


Since five copies of the 
Chairman of the symposium and one t 
the meeting, or two to the Technica 
symposium 


manuscript must be 


involved and the other three copies 


Manuscripts not received 70 days betore 
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LOCAL SECTION NEWS 


(Continued from page 24) 


KNOXVILLE-OAK RIDGE 


This section held its annual meeting 
Jan. 12 at Brown's Restaurant, Knox- 
ville. Officers elected were : 

Chairman 

( hairman-elect \. C. Jealous 

Secretary W. B. Allred 

isst. Secretary F. S. Chance 

l reasurer W. B. Harrison 

lhrector O. Davis 

Director R. N. Lyon 

Director C. E. Winters 

After the installation of the new offi- 
cers, W. S. Farmer, graduate student in 
chemical engineering at the University 
of Tennessee, spoke on “Liquid-to- 
Liquid Extraction from Single Drops.” 
Data for this paper were obtained in an 
investigation at Oak Ridge National 
Laboratory 

Rate equations, determined experi 
mentally, Correlations 
relating the rate of solute transfer in a 
falling drop column to the properties of 
the system were discussed 

Reported by W. B. Allred and 
Robert M. Dowd 


OKLAHOMA 


rhis section held a meeting Jan. 20 
1950, in the Legion Rooms of the Civic 
Center in Bartlesville. The attendance 
was 28 members and guests 

Fred Prange of Phillips Petroleum 
Co. spoke on “Stress Sensitive Cor 
rosion in the Oil Industry.” His talk 
was illustrated with slides and sample- 


Hallett 


were presented. 


of stress-corroded metals. 
Officers of this section for 1950 are as 
tollow s 
( hawma John W. Pain 
Vice-C hairmas Harrison L. Hays 
Sec'y-T reas fseorge Havs 
tts ‘ Vembers 
Virgil Scarth 
k. D. Snow 
C. R. Ringham 


AKRON 


The February meeting was held at the 
\kron Art Institute and was 
approximately 125 


attended 
members and 

Mrs. Luke Lietzke, curator of mdus 
Akron Art Institute, spoke 
to the group on home design and fu 


trial design 


nishir gs Follow ing the lecture art ex 

hibits were viewed and of particular iv 

terest were the displavs of modern art 
tse 


Reported by 


NEW JERSEY 


\ meeting of this section will be c 
the auditormn 
Development 


building m Linder 


‘ii 
4 
. 
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3 
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HASTELLOY 


FOR METAL-SPRAYING, 
WELDING, and FABRICATED 
WIRE PRODUCTS 


Hasreccoy nickel-base alloys, in the form of drawn wire, 
are available for the fabrication of corrosion-resistant screen, 
cloth, and baskets. The wire is also excellent for metal-spray- 
ing and for many types of automatic welding and hard-facing. 


Haste coy alloys have a tensile strength comparable to 
that of the high-strength alloy steels, and possess unusual 
strength even at elevated temperatures. These alloys are 
specially designed to withstand the most severe conditions 
of chemical corrosion. Nickel-molybdenum alloy B is particu- 
larly resistant to hydrochloric and sulphuric acids, many 
organic acids, and all alkalies. Alloy C, a nickel-molybdenum- 
chromium-tungsten-iron composition, has excellent resist- 
ance to strong oxidizing agents, such as ferric chloride and 
wet chlorine, and is outstanding in its resistance to brine 
and salt spray. 


In addition to Haste.voy alloy wire, you can also obtain 
wire made of Muttimer alloy—a cobalt-chromium-nickel 
composition developed for service at elevated temperatures. 


Cut and straightened lengths or coils, in diameters down to 
6.060 in., can be obtained directly from Haynes Stellite Com- 
pany, Kokomo, Indiana. Wire in diameters less than 0.060 in. 
down to 0.002 in. is available from an associate company, 
Kemet Laboratories Company, Inc., Madison Avenue and 
West 117th Street, Cleveland 1, Ohio. For more complete 
information, write for a copy of the booklet, “Hastettoy 
High-Strength, Nickel-Base, Corrosion-Resistant Alloys.” 


YNES 


TRADE MARK a 


The term: “Hownes Hastelio. Multimet| and Umonmelt ore trode-morts 
of Cortide ond Corton Corporation or its Units 


Haynes Stellite Division 
Union Carbide and Carbon Corporation 
General Offices and Works, Kokomo, indiana 
Sales Offices 
Chicoge — Clevelond — Detrott- Hevsten 
les Angeles — New York — Sen Francisco — Tulse 
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Cylinder 


e True wall thicknesses 


Tough, close-grain metal 


Are you thoroughly familiar with 
the superior qualities of “centrifugally cast’ high alloys ...such 
as these cylinder liners, for example? 

Centrifugally cost metal is exceptionally uniform, close-grained 
and strong. It is free of pits and pockets. It is capable of passing 
very rigid tests. And the practical advantage is that as long os 
there is a central circular hole, almost any outside shape can be 
cast. Some of our customers want their castings centrifugal even 
though considerable boring apd other machining is necessary to 
finish the piece 

We recommend our centrifugal casting service if your require- 
ments call for the characteristics outlined above. Our high alloy 
foundry is modern in every respect and staffed by metallurgists 
and foundrymen of many yeors’ experience with both centrifugal 
and static castings 


al 


LOCAL SECTION NEWS 


(Continued from page 26) 


DETROIT JUNIOR GROUP 


This group heard Stephen \ Hart 
chief engineer, Industrial Electronics 
Inc., speak on “Industrial Electronics 
on Feb. 7. Mr. Hart deser*bed the use 
of electronic instruments to measure the 
various physical and chemical changes 
occurring im chemical processes He 
stated that the electronic system itself 
has been known for some time and is 
basically simple, but that the pickup sys 
tem used to convey the change varies 
considerably, and the type used depends 
upon the property being measured or 
controlled The chemica entigineer with 
his broader vision of instrumental prob 
lems occurring, could assist the elec 
tronics engineer immeasurably in the 
design of the pickup system to be used 
in a particular case. With some know! 
edge of the « of electron 
systems, the chemical engineer is im a 
position to suggest to the electronics im 
dustry many new applications 


Reported by I’. A. Lenton 


EAST TENNESSEE 


The 24th general meeting was held im 
the Study Hall at Dobyns-Bennett High 
School, Kingsport, Tenn. James Her 
bert, sales promotion manager, Blue 
Ridge Glass Corp., discussed the many 
Uses of glass m industry and had a num 
ber of exhibits to demonstrate the uses 

Officers elected tor the vear 1950 are 
is follows 

( hawrman 

hawmear 


ireas 


Reported by 


ST. LOUIS 


The January meeting was held in th 
York Hotel with 100 members and 
guests im attendance The business 
meeting included a discussion of the 
\.LCh. EF. National meeting for the vear 
1952 

At the conclusion of the business 
meeting Lr Rodew ald W ashing ‘ 
University, spoke on Quantum Con 
cepts in Chemical Engineering He de 
veloped the histo of the quantum 

the periodic 
lon the basis ot 


certaim pecu 


Hamed. It also explains certan 
structure formatw 
ttoms together u 
neepts of physics mustry 


explaimed bw the se of quantur 


- 
: 
4 / 
/ 
/ 
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ities m the pertdic tal ex 
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Each day many men in industry ask 
themselves this question —Jast how should 
1 go about getting the most out of each insula- 
tion dollar? The answer, as with any 
investment, depends on several factors. 


First, there's the reputation of the 
insulation manufacturer; the type of 
materials he has to offer; the efficiency 
of those materials in saving fuel. Next, 
there is the kind of service the manu- 
facturer offers for engineering and apply- 
ing his insulations. 


Johns-Manville 


This last consideration is a mighty 
important one. For, assuming all other 
things to be equal, it is the selection of 
the right insulation and the correct appli- 
cation of it that pays off in the long run 
on your insulation investment. 


---And that’s where Johns-Manville 
leadership in application service can be 
of utmost help to you. Your Johns- 
Manville Insulation Applicator selects the 
right materials for your specific job from 
the wide variety of J-M insulations that 


are available (for temperatures from 
minus 400F to 3000F above zero). 

You will benefit by the long experience 
of your J-M Insulation Contract firm in 
all phases of insulation application . . . 
from engineering the job to the skill of 
his mechanics in applying the insulations. 

If you have an insulation problem, 
write to the blue chip name for 
insulation investments —Johns- 

Manville, Box 290, New York 


INSULATIONS 
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MIXING CYCLE Sacaded Up 
PEAK LOADS NIZED 


Read Double-Arm Mixers 
are built in | quart to 1200 
gallons batch capacity. 


OVERLAPPING SIGMA BLADE ACTION 
in READ Double-Arm Mixers gives 
you a shorter mixing cycle 

with lower peak loads 


READCD) 


Speeding up the mixing cycle and minimizing 
peak loads are definite advantages in batch 
mixers. Overlapping sigma blade action in 


Read Double-Arm Mixers does both. Forma- 


tion of cylinders of material about the arms is 
avoided. They handle even the heaviest vis- 
cous materials with ease, smoothness, and 


production economy. 


Some advantages: One-piece base to insure permanent align- 


ment and rigidity 


Mixing chamber accurately machined on 


double-arc bottom to insure close clearance with machined 


arms 


Vacuum mixer has single packing gland construction 


to eliminate contamination or oxidation Baffled jackets for 


even, efficient temperature control 
Available with or without jackets, of vacuum or 


throughout 


Heavy-duty construction 


non-vacuum design Single, multi-speed, or variable speed 


motors for plastic processes. 


Write Read for literature on Double 
Arm Mixers. If you have a mixing 
problem, let us offer you our advice. 


READ MACHINERY DIVISION 
of The Standard Stoker Company. Inc. 


YORK 5, PENNSYLVANIA 
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(Continued from page 28) 
CLEVELAND 


A meeting was held at Fenn College. 
Jan. 24, 1950. At the dinner the speaker 
was R. J. Wolf, B. F. Goodrich Chem- 
ical Co., who gave a brief history of the 
B. F. Goodrich Co. He traced its de- 
velopment from 1906, when it was estab- 
lished for the manufacture of analine as 
a rubber additive, through a series of 
later discoveries and applications which 
were responsible for the growth of the 
vinyl plastics industry. Another speaker 
was Hans J. Lang of Day and Zimmer- 
mann. Mr. Lang spoke on “Investment 
Cost Estimating.” 

Reported by BE. N. 


NEW ORLEANS 


The executive committee adopted a 
standard schedule for meetings based on 
an analysis of previous meetings. This 
schedule includes six basic meetings a 
vear as follows: 


February (first Thursday, 8 P.M.) pre- 
ferred or January (2nd or 3rd Thurs 
day afternoon) if scheduled within 
Louisiana Engineering Society Annual 
Meeting 

March (3rd Thursday, 8 P.M.). Joint 
meeting with Tulane Student Chapter 

May (3rd Thursday, 8 P.M.) 

September (Ist Thursday after 
Day, 8 P.M.). 

October (2nd Monday, 8 P.M.) 
meeting jointly with L.E_S. or 
October (3rd Thursday, 8 P.M.). 
December (Ist Thursday, 8 P.M.). An- 

nual Meeting, Election of Officers 


Marsh 


Labor 


when 


The interest of the ladies in forming 
a Ladies’ Auxiliary to the section was 
discussed at a meeting of the executive 
committee Jan. 26 


Reported by R. M. Persell 


EL DORADO CHEMICAL 
ENGINEERS’ CLUB 


\n organization meeting was held in 
El Dorado, Ark., Nov. 8, 1949, to es 
tablish a chemical engineers’ club to 
serve this general area. An executive 
committee was elected as follows 


( hairman-— H. Davenpert, Lion 
Oil Co 

W 
\m. Southern Corp 

Sec’y-Treas.—R. R. Gumaer, Pan-Am 


Southern Corp 


Bertetti, Pan 


Ihe first dinner-speaker meeting of 
the new club was held in El Dorado, Jan 
26, with After a 
session in which the aims 


an attendance of 55 
short business 
ot the club, membership details were 
outlined, O. C. Bailey of El Dorado, 

Arkansas Oil and Gas Com-* 
gave an address entitled, “A 
Decade of 
Arkansas.” 
Reported by C. H. Davenport 


(Continued on page 33) 
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SELF CLEANING 


TO ITS LONG LIST OF FEATURES 
removes 35 Cu. Ft. 


Filter Cake in 15 Minutes Automatically 


No more do you have to open the filter at the 
end of each cycle to sluice the cake from the 
leaves. Niagara now offers the “Auto-Sluice” 
filter which permits automatic cake removal and 
disposal. A special filter cover is fitted with a 
header and special spray nozzles so located and 
directed that sprays strike the cake of each leaf. 
This sluice header is actuated by air motors 
which impart both a rotary and reciprocating 
motion assuring thorough sluicing of al! surfaces. 


The new Niagara “Auto-Sluice” can remove 
filter cakes up to 35 cubic feet in as little as 15 
minutes with only two or three cubic feet of 
water per cu. ft. of filter cake. Here are savings 
in time, labor and sluice water og ye you 
cannot afford to overlook. Send for literature 
on this new Niagara Filter which has already 
proved its ability to effect sizeable savings in 
sugar, food, and chemical plants. 


Add these “Auto-Sluice” Features to Niagara’s 
Stainless, Clothless Filters: 


* Trade Mark Potent Applied For 


eprane wi corer epen These powerful 
puree of each full vreterw and reciprocating stroke 
leal ares 


CORPORATION 


3084 MAIN ST BUFFALO 14 


Eliminates 


. Reduction of Labor Costs. 
opening and manual cleaning of filter 


aiter each cvck 


. Reduction of Unproductive Time. 


Short sluicing time increases produc 


tive filtration time and 


. One Man Battery Operation. \ batter) 
\uto 


capacity 


Niagara 
handled b 


ol many “as 


Sluice” Filters can be 


operator 
. Automatic Filter Cake Handling. 
Totally closed 


cake trom leaves 


system tor removing 
and dischareme to 


sewer of for recovery 


NIAGARA FILTER CORP. 
3084 Main St., Buffalo, N. Y. 


Please send me literature ' he Nimear 


NAME 
TITLE 
COMPANY 
ADDRESS 


city 


Now NIAGARA | 
; 
( 
4 
q 
z 
4 
— 
ij 
leating lute 
rer the entire ? 
r) : 
agaia 
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IT STEALS MONEY 
FROM THE SEWER 


Many plants have needlessly accepted the loss of valuable solids 
in waste water and process liquors—believing them to be un- 
economical to reclaim. The plant shown above formerly was one 
of them. 

TODAY, continuous super filtration provided by the Sharples 
Super-D-Canter is not only removing solids economically, but it 
is doing so at a substantial profit. 

In addition to removing solids, the Sharples Super-D-Canter is 
used for the clarification of liquids, or it is adjustable for use as a 
classifier: removing solids within a set size range. 

The Super-D-Canter is continuous; both in the discharge of 
liquids and the discharge of solids. It can handle a wide range of 
slurries and do a better separating job because it develops the 
highest centrifugal force of any centrifuge of this type. 

Complete information will gladly be sent to you. 


TWO BASIC TYPES 


The two types of Sharples 
Super-D-Canters provide for the 
successful handling of practically 
any slurry. Depending on indi- 
vidual characteristics, solids may 
range from 1% to above 50%. 

The Sharples Conical Super- 
D-Canter is used for firm-bodied 
type solids; while the Cylindrical 
Super-D-Canter is especially de- 
signed for soft and amorphous, 
extrudable-type solids. 

Since the Sharples Corporation 
manufactures the complete line 
of all centrifugals, you can al- 
ways be assured that their rec- 
ommendations are impartially 
based on the best fulfillment of 
your particular requirements. 


THE SHARPLES CORPORATION 


NEW YORK 17 NY. CHICAGO 4,1LL. BOSTON 10, MASS. SAN FRANCISCO 5, CALIF. CLEVELAND 15, OHIO 


EXECUTIVE OFFICES AND FACTORY, 2300 WESTMORELAND STREET, PHILADELPHIA 40, PENNA. 
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CHEMICALS 


1 @ GLYCERINE FOR RESINS. As part 
of a lar service on the use of 

ycerine in industrial products, the 

lycerine Producers’ Association 
now publishes a study of typical 
glycerine uses in alkyd resins and 
ester gums. This is fifth in a series 
and this book contains data along 
the similar lines of previous booklets. 
Contains references, physical prop- 
erties, graphs and tables on glycerine 
properties. 


2 e ACID INHIBITOR. A technical 
bulletin on Hibitite acid inhibitor 
manufactured by the Monsanto 
Chemical Co. Primarily designed for 
use in the steel industry for pickling, 
the material may be used also for 
cleaning drums, sand filters, etc. 
Available as a dry powder, or already 
mixed in sulfuric or muriatic acid. 


3 @ MALEIC ANHYDRIDE, From Car- 
bide & Carbon Chemicals Division 
comes a booklet describing maleic 
anhydride in a new physical form. 
It is produced in on hollow cylin- 
ders. Bulletin which gives the physi- 
cal properties, specifications, uses, re- 
onl bibliography of maleic 
anhydride. 


4 @ SOLUBLE SILICATES. A bulletin 
containing technical data on various 
ty of Philadelphia Quartz Co. 
soluble silicates, gives technical data 
on the rate of solution of powdered 
silicates, plus approximate composi- 
tions. 


5 @ FLAME-SPRAYING POLYETHYLENE. 
A data sheet on the method of flame- 
spraying polyethylene with the 
Schori pistol tells how polyethylene 
coatings and films are applied to 
metal, concretes, ceramics, etc. De- 
scribes also the flame pistols and 
capacities. 


6 @ TICK REPELLANT. The Dow Chem- 
ical Co. announces that it has avail- 
able semicommercial quantities of 
N-butylacetanilide, a chemical that 


Mail card for more data p 


shows good promise of being a good 

tick repellant. 

7 @ ZIRCON FOUNDRY SAND. A com- 
lete bulletin on the use of Zircon 
oundry sand has been issued by the 

Millmaster Chemical Gives 

prices, analysis, advantages, and for- 
mulations for mixi the Zircon 

foundry sand with chemicals 
to make cores, etc. 


8 SUVACON. A 4-page bulletin 
from Weyerhauser Timber Co. ex- 
plaining industrial uses. Silvacon 
1s a natural plastic derived from 
Douglas fir k. Physical and 
chemical properties are given. 


9 « CHLORINATED RUBBER PAINTS. 
From Hercules Powder Co., manu- 
facturer of chlorinated rubber, a dis- 
cussion on the advant of using 
maintenance paints having a chlor- 
inated rubber base. The folder 
briefly discusses outstanding chem- 
ical resistance and suggests many ap- 
plications for the chemical process 
ing industries. 

10 @ DIHYDRAZINE SULFATE. Semi- 
commercial quantities of dihydra- 
zine sulfate are —s produced by 
Mathieson Chemical Corp. Has 
374% available hydrazine for or- 
ganic synthesis, insecticides, herbi- 
cides, polymerization of vinyl resins, 
reducing agents for metal finishing. 
etc. Technical data sheet giving 
physical properties, uses, reactions, 
ete. 


11-12 « AMINO ACIDS. Two i- 
cations, the first in a series of pub- 
lications on the essential amino acids, 
have been published by the Dow 
Chemical Co. Of im nce to in- 
dustry, the first (67) covers Trypto- 
phan; the second (68) covers Methi- 
onine. 


14 @ TITANIUM DIOXIDE. American 
Cyanamid Co. announces several im- 
eae types of titanium dioxide. 

is particularly suited for high 
temperature baking enamels, refrig- 
erator finishes, lacquers, and phe- 
nolic resins. A second development 
is slated for use with enamel ‘finishes 
and Maelic modified vehicles. This 
same product performs a special 
function for metal decorative roller 
coatings and alkyd baking enamels. 


BULLETINS 


15 @ CAUSTIC SAFETY CHART. Sol- 
vay Sales has a new safety instruc- 
tion chart for caustic soda users. 
This is the third in its series of wall 
charts instructing personnel in the 
handling of dangerous chemicals. 
Chart contains suggestions for pro- 
tecting employees, unloading pre- 
cautions, etc. It is printed on heavy 
stock for wall display. 


16 @ ION EXCHANGE. From the 
Permutit Co., a 12-page pamphlet 


on ion exchange giving history of © 
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the company, selection of ion ex- 
changers, types of ion exchangers 
available, flow diagrams of five basic 
types, cutaway view of some equip 
mem, and brief mention of applica- 
tions and installations. 


17 @ ALLOY REFERENCE CHART. A 
6-page folder chart containing an- 
alysis, mechanical properties, appli- 
cations, etc., of alloys, has been pre- 
pared by N. 5. Mott of the Cooper 
Alloy Foundry Co. It contains alloy 
types as well as comparative designa- 
tions of the Alloy Castings Institute, 
AISI, SAE, ASTM, etc. Gives me- 
chanical properties such as tensile 
strength, yield point, clongation, 
Brinell; tells where they should be 
used and gives data on corrosion re 
sistance, 


18 @ PFAUDLER LINE. A 4-page 
folder which briefly details the type 
of equipment and materials of con- 
struction offered by the Piaudler 
Co. Briefs the heat treatment, pres. 
sures, temperature, metal thick 
nesses, finishes and shapes, etc., and 
illustrates some special process 
equipment made by this company. 
Designed to acquaint the “see 


with the pee of services and ma 
a 


terials of Pfaudler. 

19 @ AIR COOLERS. For the engi- 
neering task of cooling liquids or 
gases with air, the American Loco. 
motive Co. gives a great amount of 
data concerning its Alco air coolers 


Postage 


Will Be Paid 


by 


For the plant that has a lem 
in obtaining sufficient water for cool- 
ing, forced draft heat-transfer equip- 
ment such as this becomes important. 
The pamphlet gives mechanical 
specifications, layouts, plans of such 
equipment, data on selecting the best 
air coolers from the heat load in- 
volved, etc., gives some information 
on field crection, costs, etc. 


20 « GAS FOR INDUSTRIAL HEATING. 
Copies of a talk by F. O. Hess of 
the Selas Corp. on the use of gas 
as an industrial processing tool. In 
this article which was given before 
a conference on combustion at the 
University of Tennessee, use of gas 
in industrial processing is traced, 
beginning with magazine — 
and drying of ink, use of radiant gas 
burners to flow tin on electrolytically 
deposited sheet, use in steel anneal- 
ing, making of fluorescent lamps, and 
other processing information. 


21 22 INSULATED PIPING SYS- 
TEMS. Iwo data books on the Ric- 
Wil insulated piping systems for dis- 
tributing steam, hot water, oil, et« 
Ric-Wil offers them in two types, 
prefabricated in self-contained units, 
and sectional, signifying that parts 
are furnished separately and assem- 
bled at the job. No. 21 describes 
the Ric-Wil pipe units, and gives 
general specifications for various sys 
tems (underground or overhead), 
how to support pipes, excavation, 
back-filling, hangers, and supports, 
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etc. Many tables on properties of 
pipe, giving diameters, weights, ca- 
ities, expansion charts, heat 
. schematic diagrams showing 
arrangements, and much other in- 
formation. No. 22 is a description of 
the pipe units themselves. Well il- 
lustrated with pictures, shows in- 
stallations and capacities of the 
company fabricated units. 


23 « PROTECTIVE COATINGS. Five 
types of protective coatings made by 
the Atlas Mineral Products Co. 
Under each of the five coatings there 
is a series of special and modified 
coatings. Under synthetic thermo- 
plastic resins in selected solvents, the 
company makes protective coatings 
of polyvinyl, polyvinyl plus a non- 
volatile synthetic rubber plasticizer, 
and styrene copolymer. Application 
and use are described i basi: 
types which are asphaltic and furane- 
base resins. Altogether 11 different 
protective coatings are described. 


24 HAMMER MILL. From Sprout. 
Waldron, a package which gives de- 
tail of a new hammer mill. Draw- 
ings give construction details, an in- 
struction card shows how hammer 
mills are installed, how to inspect 
and care for the equipment, etc. 


25 @ STEELS FOR HIGH TEMPERATURE. 
A 90-page book from United States 
Steel on the correct choice of steel 
for elevated temperature service. Be- 
gins with a discussion of the general 
wes oy of elevated temperature 
havior of steel, and a brief descrip 
tion of test methods and laboratory 
techniques used. Then a data sec 
tion idle with tabular and graph- 
ical material on 21 different steels, 
which gives, in addition to physical 
properties over a range of tempera- 
tures, the applications of the par- 
ticular alloy under consideration. 
Also discusses hot forming, welding 
etc. Another section describes the 
research facilities and laboratories 
and special equipment used by the 
company in making tests, and the 
final few pages are given over to 

bibliography of publications from 
the United States Steel Corp. on 
the use of steels at elevated tempera-*, 
tures. 
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26 @ SPECTROGRAPHIC OUTFITS. A 
Jarrell-Ash Co. bulletin on spectro- 
chemical analysis which features the 
Hilger prism. Pamphlet describes 


the prism Se. gives specifi- 
cations and describes supplemental 
equipment, construction details, ad- 
vantages, uses, etc. 


27 « MIXED-BED DEIONIZATION. A 
description of the Illinois Water 
Treatment Co.'s new mixed-bed de- 
ionization system. The new system 
makes use of a single column con- 
taining an intimate mixture of ca- 
tion and anion exchange resins. Ac- 
cording to the company, the correct 
design of the column will enable the 
mixed bed to be separated, regen- 
erated, and remixed in a single ex- 
change vessel. Bulletin available. 


28 «@ PORTABLE DUST COLLECTOR. 
For removal of dust from factory at- 
mospheres, the Kirk & Blum Manu- 
facturing Co. has newly develo 

heavy-duty dust collectors available 
in capacities of 450, 900, and 1800 
cu. ft./min. The dust collectors can 
be set up at any place in the process- 
ing unit eliminating the need for col- 


lection pipes. The dust passes 
centrifugal ecleaner, 
and then a steel-wool filter. Dis. 


charge can be either to outside or 
inside of the building depending 
upon the season. After-cleaner is 
easily reached and dust bin allows 
for removal of dust separated by 
centrifugal cleaner. 


29 @ SAFETY EQUIPMENT. A catalog 
released by the General Scientific 
Equipment Co. covers respiratory de- 
vices, eye protection, hats, gloves, 
carboy pumps, drum pumps, etc. Its 
46 pages are well illustrated. Prices 


are generally given for item de- 
scribed. 
30 @ PROTECTIVE COATING. A bulle- 


tin from the Maurice A. Knight Co. 
describes Pyroflex synthetic resin lac- 
quer coatings for resistance to most 
acids, alkalis, salts, oils, etc. Tells 
of uses to which lacquer is put, gives 
instructions for applying, equipment 
to use (spray gun) and data on pro- 
tection afforded with this lacquer 
against chemicals. 


FOR FREE DATA 


32 @ 33 FILTER MEDIA. 1. Shriver 
& Co., Inc., have two new pamphlets 
on filtration. The first, No. 32, is on 
filter media and describes briefly the 
cotton, wool, synthetic resin, glass, 
metallic, and paper filter media that 
they manufacture. Gives briefly the 
materials which can be filtered with 
these media. No. 33 is a new peri- 
odical—Filter Facts, which not only 
gives information on filter presses 
and filtration, but also describes 
some new pumps such as diaphragm 
pumps, proportional pumps that 
Shriver makes. Also contains infor- 
mation on filtration techniques. 


34 « INJECTION MOLDING PRIMER. 
Tennessee-Eastman has a book on 
“Tenite Injection Molding.” Con- 
tains detailed data on the injection 
molding of cellulose acetate, and 
cellulose acetate butyrate thermo- 
alastics. A complete primer of in- 
jection molding, contains detailed 
data on choice of materials, proper 
product design, machines, mold de- 
sign and construction, etc. 


35 @ LEKTROMESH. A bulletin ex- 
plaining the wire mesh product of 
the C. O. Jelliff Mfg. Corp. The 
screen is continuous, being made by 
electroforming. Extremely accurate 
tolerances. Range in mesh from 25 
to 400. Produced in nickel and cop- 
ver. For use as a screening medium 
in the chemical processing of food, 
oil, etc., industries. 


EQUIPMENT 


40 « GRAPHITE GLOBE VALVE. From 
the National Carbon division of the 
Union Carbide & Carbon Corp., 
comes the announcement of a new 
graphite globe valve available in 
l-in. and 2-in. sizes. Designed espe- 
cially for service with corrosive 
fluids, the new valve features all 
Karbate parts with the exception 
of the Teflon packing. Resistant to 
most corrosive chemicals; can be 
heated from the outside with a stear 
coil for handling highly viscous « 
saturated solutions. Bulletin avai 
able. 


41 @ EXPLOSION-PROOF FLOAT. A 
explosion-proof float-operated elec 
tric controller for liquid storage sy 
tems, has been developed by McDo 
nell & Miller. The equipment is d 
signed for use under condition 
where the conventional-type control 
ler is not applicable. Two ty 
available—one for atmospheres con 
taining ethylether vapors, ethylene 
or cyclopropane; the other for atme 
»heres containing gasoline, petre 
— naphtha, benzine, ete. Wil 
make or break electric circuits a 
high level. Descriptive circular avail 
able. 


42 @ TEMPERATURE CONTROL. For 
holding fluid temperatures within a 
range 
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Pako Corp, has a new temperature- 
control device. The unit circulates 
a tempering liquid through a jacket 
or tempering panel surrounding the 
critical fluid. A heat-exchanger is in- 
corporated which provides heat or 
refrigeration as required, to the 
tempering liquid which circulates 
through a closed circuit. 


43 « VACUUM PAN DRIER. For the 
recovery of dry solids by evapora- 
tion of solutions or slurries, Indus- 
trial Process Engineers have a new 
stainless steel vacuum  pan-drier. 
Working capacity up to 35 gal. and 
working pressures up to 50 Ib./ 
sq. in. The agitator has no internal 
bearing, and consists of an anchor 
with spring-loaded scrapers driven at 
40 rev./min 


44 @ TWIN-BLENDER. A unique mix- 
ing apparatus for blending dry ma- 
terials, consisting of two cylindrical 
shells of but joined 
together to form a V rather than 
a long tube, is a new product of the 
Patterson Kelly Co. The V-shaped 
unit rotates about a horizontal axis. 
Material is fed through either leg 
of the V and a discharge valve is 
located at the apex. Company claims 
superior mixing times and sizes of 
the new blender range from 1 to 
250 cu. ft. Capacity and power re- 
quirements vary according to density 
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of material. Company also has avail- 
able small test blenders of transpar- 
ent plastic for visual checking dur- 
ing test periods. Literature section 
available. 


45 « ABSORPTION HEATING. For 
the drying of heat-sensitive materials 
even while frozen, Proctor & 
Schwartz, Inc., have a new unit based 
on the absorption of infrared radia- 
tion. The process was developed by 
the Dry-Freeze Corp. and P. & S. 
are manufacturers of the equipment. 
The unit uses certain effective wave 
lengths of infrared radiation in the 
fundamental vibration region where 
radiant energy is absorbed selectively 
by different materials depending 
upon their chemical composition. It 
is possible to select radiation in a 
region where the greatest percentage 
of the total energy will be absorbed 
by the water in the product to be 
dried. This makes it possible to dry 
materials which are damaged by tem. 
peratures of above 100° F. 


46 REVERSIBLE CONTROL VALVE. 
An air-operated control valve, which 
can be changed in a few minutes’ 
time from an air-to-open to an air- 
to-close valve, is a new development 
of the Foxboro Co. The quick re- 
versibility of the air control valve 
will be a feature of convenience in 
test work or pilot plant operation 
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use of a new reversible motor and 
the action of the valve motor is re- 
versed merely by moving the housing 
assembly and rotating it a quarter- 
turn. 


47 @ PORTABLE CHEMICAL FEEDER. 
From the Gifford-Wood Co. an an- 
nouncement of a new portable screw 
feeder for metering dry chemicals 
from original drum containers to 
mixing kettles. It consists of a 4-in. 
diameter screw conveyor driven by 
al ." variable speed motor re- 
ducer. It will operate at from 3 to 9 
cu. ft./hr. Entire unit is mounted 
on swivel casters and has a moisture- 


proof housing. 


48 « IMMERSION HEATER. A series 
of stainless electric immersion heat- 
ers for use with industrial chemicals, 
alkaline cleaners, oils, corrosive li- 
uids, etc., is offered by the Edwin 
Weigand Co. Constructed of 
hair-pin-shaped heavy duty Chroma- 
lox elements, they are available from 
| kw. to 15 kw. Voltages of 230, 460, 
and 550. The company will make 
specific recomendations for corrosive 
application. 


49 @ SPRAY DRYER. A portable spray 
dryer for pilot plant use, selling for 
$3500, is a new feature of the Niro 
Corp. It is easily transported from 
one department to another and fea- 
tures a high-speed atomizing head 
— at 50,000 rev./min. which 
ejects the liquid product as a fine 
mist into the drying chamber. Lit- 
erature is available from the com- 
pany explaini rinciple. Unit is 
equipped with both electric and gas 
heating element and capacity is 2 to 
15 Ib. of water evaporated /hour. 


50 @ ROOM DEHUMIDIFIER. For 
control of humidity in rooms up to 
8000 cu. ft. volume. Fisher Scientific 
Co. has introduced a new dehumidi- 
fier. It contains condensing and 
evaporating coils, motor-driven fan 

and a receptacle for condensate. It) 
is 14 in. in diameter, 34 in. tall, and | 
is operable wherever dew point is \. 
above 50° F. or dry bulb reading of 
hydrometer is above 65° F. 
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LOCAL SECTION NEWS 


(Continued from page 30) 
CHICAGO 


The monthly dinner meeting was held 
at the Western Society of Engincers, 
Jan. 18 with approximately 125 in at- 
tendance. After dinner, J, B. McMahon 
addressed the group on “Process Fac- 
tors which Affect Automatic Control.” 
Mr. McMahon is vice-president of the 
Instrument Society of America and 
manager of sales promotion for the Re- 
public Flow Meters Co. His talk con- 
cerned primarily the correct application 
of automatic controls to the industrial 
process and was interestingly explained 
by many personal experiences 

The local section 1s planning a special 
meeting in April to which all members 
of the student chapters of A.LCh.E. at 
Iinoits Institute of Technology and 
Northwestern University will be special 
guests 

Reported by Donald A. Dahlstrom 


LOUISVILLE 

Howard E. Degler, technical director, 
Marley Co., Kansas City, spoke at the 
February meeting. Mr. Degler chose as 
his subject “Water Cooling Towers as 
Related to Water Conservation.” 

The growing importance of water 
conservation was stressed in terms of 
increased demands, inadequate distribu- 
tion facilities, and pollution problems. 
Mr. Degler then discussed fundamental 
principles on which design of water 
cooling towers is based. Curves relating 
costs to tower operating comhtions and 
slides showing such units in operation 
presented the practical side of this topic. 


Reported by W. B. Altsheter 
CENTRAL OHIO 


D. Turnbull, chemical engineer 
The Euston Lead Co. Scranton, Pa 
uldressed this section on “A Chemical 
Engineer in Australia,” Jan. 27, 1950. 

In his address Mr. Turnbull gave an 
weount of the experience Of an Amer- 
ican chemical engineer in starting a new 

bite lead plant in Melbourne, An- 
stralia 

Mr. Turnbull's talk was followed by a 
business meeting at which the following 
theers were elected for the vear 1950 

( Lr \Ibert W Lay 

(wens Corning Fiberglas Co., New 
ark, Ohio 

Vice-C hairman—-Edward <A. Beidler, 

Battelle Memorial Institute, Colum 
bus, Ohio 
Secretary—Dr. John W. Clegg, Hat 
telle Memorial Institute, Columbus 
Ohio 

C Dr Ralpl 
Vogel, National Lime and Stone Co. 
Carey, Ohio; Dr. James O. Pence, 
Kanco Inc., Columbus, Ohio: Joseph 
H. Koffolt, Past Chairman, Ohio 
State University 

Reported by J. H. Koffolt 
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SANITARY, SAFE, SWIFT— 
SAVES time, labor, SPACE and MONEY 


Pneu-Vac, the modern conveyor system, is rapidly changing the old 
concepts of bulk materials handling. Adaptable to almost any conveying 
situation, it replaces bucket elevators and screw conveyors, steps up pro- 
duction and provides sanitary products handling. 

Specially engineered for individual processing needs, Pneu-Vac pre- 
vents the accumulation of materials within the system, eliminates dust, 
and improves working conditions. Because materials do not pass through 
fan blades, quiet operation and low maintenance costs are assured and 
costly breakdowns avoided. 

Installation requires small space—if you have room for a conveying 
pipeline you can have Pneu-Vac in your plant. 

Investigate how this up-to-the-minute system can modernize your 
bulk materials handling and greatly increase your operating efficiency. 
Write for Bulletin 18c. Address Sprout, Waldron & Co., Inc. 

17 Waldron Street, Muncy, Penna. 
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Bulk Materials Handling - Product Classification - Pelleting and Special Facilities 
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LOCAL SECTION NEWS 


(Continued from page 33) 


SOUTH TEXAS 


The January meeting of this section 
was held jointly with that of the ACS 
at Baytown, Tex., Jan. 26, 1950. No im 
spection trip was scheduled and the 
opening event ot the meeting was a din 
ner at the Humble Dining Room. This 
being a joint meeting business was con 
fined to announcements of common m 
terest. The speaker for the evening was 
Dr. H. S. Taylor of Princeton Univer 


sity who spoke on “Factors Affecting 
the Rate of Chemical Reaction of Or 
ganic Molecules.” 

Officers for the calendar year 1950 
were announced as follows: 


Chairman—William A. Cunningham 

University of Texas 
B h ( hatrman-elect—W Alexander, 
ranc ing Monsanto Chemic al Co 


Secretary—James A. Lee, McGraw 


as it Grows! Hill Publishing Co 

Treasurer—R N Blaize, Eastern 
States Petroleum Co 

vecutin Committeomen L. 
Dampman, Carbide & Carbon Chem 
icals Corp.; H. K. Eckcrt, Monsanto 
Chemical Co.: G. T. McBride, The 
Rice Institute 


LORIDIN Fullers Earth Reported by G. T. McBride 


introduced by the Floridin Company almost 

a half-century ago as a superior adsorbent OHIO-PITTSBURGH 
for removing tars, gums, color bodies, ete., 
from petroleum oils ...... os 
Has gradually extended its usefulness to the 
benefit of various industries. \ one-day symposium, “The Develop 
The Floridin catalog now offers more than a ment and Marketing of New Chemical 
score of different products of Fullers Earth and Products. 
Activated Bauxite for the requirements of .... 


Symposium 


sponsored by the Akron 
Central Ohio, Cleveland, Detroit, Ohio 


Oi Refining Pipe Line Drying Valley and Pittsburgh Sections 
Desulfurization Poly merization 

Dehydrogenation Treatment of Waste 
Solvent Reclamation Selective Catalysis the Hotel Hollenden, Cleveland, Ohio 


ot 


A.LCh.E. will take place April 14 at 


Water Treatment The program chairman is R. L. Savage 
Formulation of lnsecticides and Fungicides Case Institute of Technology. 


FLORIDIN 


Morning Program 


Fullers Earth - Activated Bauxite Development of Markets for Isocya- 


nates in the U. S.— Paul Legue, Mon 
PRODUC ~ santo Chemical Co 
| The Disco Development—/) O. Calhoon 
and W. D. Mcklroy, Pittsburgh Consoli 
dated Coal Co 


' ) Commercial Market Development of’ 
: Emery M-461-R Dimer Acid — i. / 
i Aylesworth, Emery Industries, Inc ‘ 
t 


ADSORBENTS The Organization of a Technica! Serv- 
' t ice Group for a New'y Organized 


Dept. O, 220 Liberty St., Warren, Pa. Chemical Company — Gilbert Thiessen 
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LOCAL SECTION NEWS 


Afternoon Program 


Technical Development and Marketing 
of Glass Fibers —/. Rals, Glass 


vs Ine 
Residual Fuels; the Economic Effect of | 
New Refining Techniq R. H. Col 

lacett, Standard Oil ¢ ot 


Furan Chemicals Harold J. Barrett, 
Electro Chemicals Dept., Du Pont ¢ 


Economic Aspects of the Development 
of Fuel Gas from Coal John S 
Foster and Richard J. Lund, Battell; 

Vemorntal Institute 


Address inquiries to W. S. Shellen 
trager, c/o Standard Oil Co., 2735 
Broadway Ave., Cleveland 13, Ohio 


Reported by D. L. Farrell 


WESTERN NEW YORK 


This section held a meeting Feb. 16 


at the University Club, Delaware Ave 
Buffalo. W. H. Doyle, chemical engi 
neer, Factory Insurance Association 
gave a talk entitled, “Wild Chemicals | 
Have Known.” Mr. Doyle discussed 


some interesting fires and explosions 


that have occurred in chemical plants 
and gave a résumé of what insur 


tron with industry to keep such losses to wide range —o valuable feature for steam, air, or gas metering. The 
counter reads directly in pounds of steam or cubic feet of air or gas ‘ 
Reported by Earl (. Mirus and shows within +2% the exact quantities flowing through pipe 
lines. Wide range accuracy is one more big reason why Shuntflo Me- 
ters are found throughout Industry, in public utilities, in district heat- 


a minimum 


BOSTON ing plants, in commercial buildings . . . wherever accurate metering ; 
ox is essential to good business management. For engineering informo- q 
tion and Bulletin 400-F1, address Builders-Providence, Inc., (Division 


follows 


of Builders Iron Foundry), Providence 1, R. |. 


( hawman—Neal A. Sargent, 38 Pier 
repont Road, Winchester, Mass { és 
Vice-C hairman— Austin W. Fisher. Ir.. on 
1303 Mass. Ave., Lexington, Mass 
Secretary—Henry Avery, c/o Godfrey BUILDERS q 
Cabot, Inc., 77 Franklin Street PRODUCTS 
oston ~ 
lreasurer—Peter M. Rinaldo, 382 Flow Meters end Controllers 
Marrett Road, Lexington 73, Mass Mechanical ond Difleren. 
tial... for Liquids, Steam, 
On Jan. 20 this section heard Stephen F . i Air, and Dry Materials. 
Tyler, the National Secretary, as its 
guest speaker, give a talk on Institut ' a . The Venturi Meter 
affairs and activities 
At this meeting John J. Healy Chiorinizers Chlorine Gos 
A.L.Ch.E. director and National chair >, Seeders 


man of the Local Sections Committee 


presented the Program Committe’s 


Award for quality of presentation of 
papers to Dean T. K. Sherwood, of 
Massachusetts Institute of Technolog, 
tor his paper presentation at the Twelft! 


Regional Meeting held in Montreal U | L D R PR D N 


Sept 6-9, 1949 


Reported by Henry Aver 
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VOLATILE LIQUIDS 


— Under a Low Net Positive Suction Head (NSPH) | 
— Under a High Vacuum 
— Without Air or Vapor Binding 


When handling volatile liquids under a very low Net Positive Suction Head— 
from evaporators, for example — a horizontal pump is apt to become vapor-bound. 
Air or vapor binding is impossible if you install the Lawrence Vertical Top Suction 
Pump illustrated above. Extremely high vacuums are maintained by filling the space 
around the packing box with water or some other sealing liquid. The costly delays 
and shutdowns resulting from vapor binding and loss of vacuum are completely 
eliminated. 

Lawrence Vertical Top Suction Pumps can be furnished 
in special resistont metals and alloys to handle the most 
corrosive and abrasive acids and chemicals. 


Send fer Bulletin 203-4 fer com- 
plete summery of acid and 
chemical pump dete. 


MACHINE & PUMP CORPORATION 


375 MARKET STREET, LAWRENCE, MASS. 
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bone of New England industry. By 
nearly every index business is im a 
healthy shape in New England. Plans 
are afoot to put up a complete steel 
mill in New England. This appears 
to be an attractive prospect: New Eng- 
land steel consumption can well support 
a mill. Labrador ore with coke by sea 
from Hampton Roads and limestone 
from Maine answer the raw material 
question. 


Chemical Industriws. What the 
state of the chemical industry in New 
England? Here's how Bradley Dewey, 
president of Dewey and Almy Chemical 
Co., brings the situation imto focus 
“The chemical industry in New England 
does more than serve regional needs. 
Unblessed by a plentiful supply of raw 
materials, the New England chemical 
manufacturer has concentrated his 
efforts on new products, specialties, that 
have come from research and ingenuity. 
, And the Dewey and Almy 
Co. has done just that. Starting out 
with a labor force of five men thirty 
years ago, the company has grown into 
a large plant employing hundreds, with 
branches in this country and overseas, 
producing can-sealing materials, ad 
hesives, fluxes, wetting agents, and rub- 
ber goods. 

At the start, of course, chenncal man 
ufacturing was begun in response to the 
demands for chemicals needed in the 
early tanneries and textile mills. These 
markets consumed large quantities ot 
basic chemicals produced locally, but 
depended on foreign sources for dyes 
and specialties. The Merrimac division 
of the Monsanto Chemical Co.. in 
Everett, Mass., one of the largest pro 
ducers of heavy chemicals in New Eng- 
land, originated as the A. Cochrane 
Chemical Works in 1847. Sulfuric acid 
was the main product, and the present 
plant still produces it, along with the 
other heavy acids, alcohol, ammonia 
solvents, and lacquers. The first electro 
chemical plant in the country was built 
in Rumford, Me., to supply caustic to 
the paper mills. 

Smaller manufacturers soon grew up 
to supply the demand for specialized 
products. Many a small chemical plant 
found a beginning in the opportunity to 
market a specialty which the larger 
more inflexible plants were unable to 
produce. Some of these have remained 
mixers of chemicals marketing a single 
product, others have chosen to grow 
applying New Bhgland ingenuity 
through research, to become diversified 
manufacturers of important products. 

Small or large. these New England 
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chemical manufacturers taken together 
produce chemicals and chemically proc 
essed materials in almost every cate 
gory: oil refinery products, soap, solv 
ents, paint, compressed gases, dyes 
acids, rubber, fertilizer, leather, sugar 
ink, adhesives, paper, plastics: the list 
amounts to a business of considerably 
more than half a billion annually. And 
vet chemical industry does not stand out 
as a feature of the region as oil does for 
Texas or steel for Pittsburgh becaus« 
the chemical industry is a part of the 
bustling, diverse Yankee business estab 
lishment that presents so many facets 
that none overshadows another 

Equipment design for all types of 
chemical industry has profited from 
Yankee inventiveness. In Boston alone 
the design and construction activities of 
Ek. B. Badger and Sons Co., Stone and 
Webster Engineering Co., and Artisan 
Metal Products have been utilized by 
chemical concerns throughout the world 

John J. Healy, Jr.. of Monsanto's 
Merrimac division and chairman of the 
Boston Regional Meeting. sums it up in 
part thus 


Although New England does not have 


any single buge chemical engineering devel LAH* reduces carbon dioxide at 


opment, based on a natural raw material, it and 
has within its borders a large number of room temperature pressure! 
chemical manufacturing operations repre 


senting almost every phase of chemical Hydrides — industry's great new tools for synthesis and reduction — 
engineering development 


offers are making laboratory curiosities possible ... and practical! For ex- 
ample, by using ethereal LAH (Lithium Aluminum Hydride) as a reagent, 
of the most active research centers in the carbon dioxide is readily reduced to methylalcohol at room temperature 
country ; it is close to a major market for and pressure: 


the consumption of chemicals; it has ready 
access to deep water and can, therefore, im 
port many raw materials cheaply 


HCI 
> (CHO). LIAL CHOH + LiCl + AICh 
H:O 


Ingenuity and Kesearch. This busi Rel: Nystrom, Yanko, Brown 
ness of Yankee ingenuity that has re J. Am. Soc., 70, 486-489 (1948) 


ceived so much credit for New Eng 


land's favorable industrial position de Reductions of this type ordinarily do not act on olefinic double bonds 
serves examination. Is it an inborn trait and require only equipment normally available. Several users are now 
reserved for those with a down-East performing reductions on a commercial scale with LAH* available from 
drawl ’erhaps so. by Ne: Metal Hydrides Inc 

Perhap will be nearer @ (Lithium Aluminum Hydride) 
the truth to point out that New England — — 7 ‘ 
has discovered that original and contin , ‘Metal ‘ Hydrides les Inc. is a pioneer in the production of Hydrides on a ? 
uing research applied in liberal quanti highly reactive, diversified compounds. are now 
ties pays off in keeping ahead of the . ‘ as Hydrides of Titanium, Zi ; 


crowd 

Research is a vital part of the New 
England industrial story. Earl P. Stev 
enson, president of Arthur D. Little 
Inc., states the case in part: 


It is peculiarly appropriate that indus 
trial research should have found a center in 
the New England area, for it had its earl 
lest beginnings there. When Samuel Luther 
Dana utilized scientific method to evolve 
new dyeing process at the Merrimack Man , 
ufacturing Co. in Lowell, Mass., in 1834. HYDRIDES of TITANIUM se 
neither he nor his sponsoring company ZIRCONIUM, TANTALUM, "See, : 20 Congress Street 
dreamed that he was the forerunner of a SODIUM BARIUM and : : " 

CALCIUM nay = Beverly, Massachusetts 
(Continued on page 
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Manulecturers in dozens of Gelds are using one ot more of these 
» Hydrides in faster and more economical methods of reduction and con- : 
densation. Chances are there are jobs in your plant these reagents “4 ; 


NEW ENGLAND 


(Continued from page 37) 


profession which 112 years later would have 
133,000 workers, employed in 2400 indus 
trial research laboratories all over the 
United States, nor that $450,000,000 might 
be spent im one year alone to keep them 
busy 
The area has had a long tradition of in 
dustrial growth in spite of a grave lack of 
natural resources. Yet whether it is a ques 
tion of sending clipper ships to China seas 
or changing the face of a modern industry 
New England seems to have one natural re 
source to compensate for her stony soil 
lack of valuable ores, and minute land area 
Ingenuit and initiative, versatile craft«< 
manship, engmeering skills, ability to caler 
late risk and willingness to take risk, pa 


tence, and the nose for markets 
Mients native to the New Englander 


are ¢ 


\ possible future addition to New 
England research installations is a pro 


posed (Juartermaster Corps laboratory 


with Cambridge as the natural choice 


for the site Another indication of ex 


pansion is Esselen Research Corp 
h 


vhich has recently become Esselen re 
WE ARE PROUD AND CONFIDENT search «livision of United States Testing 


So attractive are the potentialities of 
Y FABRICATION sé research that the American Research 


Development Corp. has recenths 


been founded in Boston to provide cap 


WHICH MEANS MONEY SAVED tal for the exploitation of ‘promising 


new developments. It has already fox 
FOR you! tered such organizations as Ultrasonics 


Inc., pioneers in its field; Tonics, In 


Phe tank shown above was one of two on the order 12” now working in the important new field 
1D 144” high overall They were fabricated by t ion exchange, and others 
DOWNINGTOWN in accordance with the ASME Code, 
U4 tor 4002 working pressire The shells are Educational Leadership The educa 
1-9/16" thick of SA-212 Firebox, Grade “B” Steel ind the tional opportunities ffered by the 
head re ASMI Code, Elliptical, 144” minimum thicknes schools and colleges of the region have 
~ g Steel layed an important part in moulding 
ected lank the character of Ne England L.ook 
iting from 1100° to 1200° | ng back, it appears that the colonists 
' t least ur per ime ought about schooling with the second 
it . } ted) insik st le wreath they drew im the new land. Har 


unded in 1636 


rtmouth 


mn firmly believe assure a quality jot 1754; Brown, 1764: Williams, 1785. hh 

It is true t codu etimes result in a highe € nineteenth cent ere added 
the ackditvuon expense mvolye t the list Bowdon \ erst lutts 

good nee Massachusetts Institute of Technology 

Poly- 


DOWNINGTOWN, PA. 


WELDED and RIVETED PRODUCTS 
NEW YORK OFFICE: 30 CHURCH STREET 
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e Es ree ‘ t DOWNINGTOWN 
the nator other colleges were 
given considerable study to many factor nd processe 
: 
= q t k \ ‘ tive 
{ wor ite soricited \nother 
the en and {abr new er to the education tel 
a them ot at | inger Equipment Northeastern Universitv. The women’s 
Ie yes unt liolwoke ith. 
a Wheaton, should be added to the unt 
ie re than 100 institutions of higher 
‘ 
earmmng New Englan upports 
DOWNINGTOWN IRON WORKS 
MIT. express entlwstass New 
eg England can be just ml of her 
Es @} schools and colleges. Not only have 
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New Englanders pioneered in educa 
tional methods; her educational system 
s notable throughout the world . 

Research in the sciences is an impor 
tant part of the contribution of the col 
eges to New England life. While the 
ndustries must concentrate on the more 
wractical problems of the day, the school 
laboratories are considering the basic 
mm the 


esearches that bring dividends 


ruture 


Fun for All, On 


plentiful supply 


natura 


now And 
st twenty vear> 
vear-round 


onal madustry 


that fines p setting m the moun 


tamms, lake umd « hore of New Eng 
ind. Skiing is a million-dollar business 
und more important. exhilarating sport 
Summer finds mulls of tourists and 
vacationers coming to New kes gl ind t 
njov the beaches, to climb on the trails 
i the White Mountains. to fish in the 
ut. clear streams, to relax at one ot 
famous summer hotels These vist 
tors are yomed by New Englancde who 
make good use of the vacati wilamd at 
their doorstey \ college student can 
oin his Outing Club for a week-end 
lunb on Mt. Chocorua 
ean fish In tavorite trout trean titer 
ork. or the family can take Sunday at 
heach without going far 
The New Ocean House in Swamp 
ott on Massachusetts North Shore 
well plac ed lor those ittend 
ng the meeting | acquainted 
Vat red Ne nyland 


to Pecone 
Swampscott itself has many roots im 


null worker 


sith allt 


nial history Phe Humphrey House 
in 1634, and the oldest house 1 
VMas-achusett 


With 
ir off tron um 
should be at its 
| or the ocean 

» Mav reman 

but iT ly vals will he wel 

me to exhilit their natatorial talents 
tween the sessions on fluidization und 


ltrasonics hatel is one « 


omew hat on the 


f the fore 
ost resort sp im America amd boast 

golf course ad 
vailable to 


IN THE INTEREST OF BETTER PROCESSING 


That's An idea! 


In England plate and frame filter 
presses are finding favor over vacuum 
filters for filtering sewage sludge. The 
reason is dry, easily handled and dis- 
posable filter cake obtained, with 40% 
moisture or less, compared with 70 to 
80% moisture in cake from vacuum 
filters. 


Preliminary treatment of the sludge 
with steam results in a fast settling 
slurry with altered gel structure and 
reduced affinity for water on the part 
of the solids. Most of the water is de- 
canted from the settled material, leaving 
a thick slurry for filter pressing. 


In filtering hot slurries it is not al- 
ways necessary to use a jacketed filter 
press. Desired filtration temperature for 
effective flow rates can be maintained in 
vented three-eyed, as well as double- 
feed, double-discharge four-eyed filter 
presses. The vent outlet or one of the 
feed channels is used to circulate hot 
solution between the filter and the 
heated supply tank. thus keeping the 
press and the solution at the desired 
temperature. 


A novel investigation was recently 
completed in the Shriver Lab to control 
polymerization of a synthetic resin. This 
plastic requires a heat input to start 
the reaction, but once under way, the 
exothermic reaction must be carefully 
controlled to avoid formation of bubbles. 


Using a jacketed filter press, similar 
in design to a Shriver Wax Cooler, the 
monomer was charged into the frames 
exposed to the heating or cooling ac- 
tion of the jacketed plates. At the start 
of the process, hot water was used to 
raise the temperature of the 


Say Good-by to the Tommy Bar 


By installing a Shriver Hydro-Kloser 
on any Shriver 24", 30° or 36” filter 
press, manual closing is eliminated and 
faster, safer, tighter closure is assured. 
Hundreds of these units in use prove 
their value through savings in closing 
time and reduction in lost-time ac- 
cidents, and in improved labor relations. 


The Hydro-Kloser assembly is easily 7 
installed at moderate cost. A few strokes — 
on the hydraulic pump mounted on the 


screw standard closes the press at pro- 
per pressure. Opening the press takes 
but a few seconds. 

Bulletin 128 tells the whole story. Ask — 
for a copy. 


Variations on an Old Theme 


Here's one — this tilting type filter 
press permits filtration with filtering 


surfaces in a horizontal position, and 


to the reaction point. Here the hot 
water was cut off and circulation of 
cold water started. 


The large area of the mix exposed to 
the cooling surfaces of the plates pro- 
vided a rapid transfer of the heat gener- 
ated by the exothermic phase of the 
reaction. The result was the production 
of clear, bubble-free plastic in the form 
of square cakes, 1” thick. 


c g with plates and frames in a 
vertical position. It offers the advan- 
tages of horizontal plate filtration where 
filter aids and cake constituents may 
form a uniform cake over the filter 
surface, which is not disturbed by start- 
ing or stopping the feed at will. 

A worm and worm wheel tilt the 
press by turning the crank handle. This 
operating principle can be applied to 
any size filter press. 


T. SHRIVER & COMPANY, inc., 812 Hamilton 5t., Harrison, N. J 
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Quality 
Tower Packing 


in stoneware 
or porcelain 


Pictured above are two pop- 
ular types of Knight-Ware 
Tower Packing; Berl Saddles 
and Raschig Rings. Made in 
Knight-Ware acid-proof stone- 
ware and porcelain, these 
shapes and sizes provide a qual- 
ity tower packing for nearly 
every chemical use. 

All Knight-Ware Tower 
Packing is made from selected, 
washed and de-aired clays. Each 
type will withstand severe acid 
service, has a high crushing 
strength and will not spall. The 
one-inch Raschig Rings, for 
example, have shown an aver- 
age of 125 Ibs. in break tests. 
Both Knight chemical stone- 
ware and porcelain packings 
are dense but not glassy. When 
desired, porous packings can 
be made of either material. 

Because of their large effec- 
tive surface area, low resistance 
to flow and high loading 
capacity, the most popular all- 
purpose tower packing is 
Knight-Ware Berl Saddles. 
These are available in 44”, 44”, 
44”, 1” and 142” sizes, Raschig 
Rings are available in 44", 44”, 
Va", %”, 1”, 1%", 
2” and 3” sizes. 


MAURICE A. KNIGHT 
703 Kelly Ave., Akron 6, Ohio 
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F. C. FRARY 


McCLURE HONORED BY 
COM. CHEM. DEV. ASSOC. 


Harry B. McClure will be the recip 
ient of the first Commercial Chemical 
Development Association Honor Awar«l 
An announcement to this effect was 
made recently by C. D. Goodale, presi 
dent of the Commercial Chemical Devel 
opment Association and Chairman of 
this vear'’s award committee. Mr. Mc 
Clure will receive the award scroll at a 
banquet highlighting the annual meeting 
of the Association at the 
Hlotel in New York, N. Y 
The subject of Mr 
on this occasion will be “Recent Case 


Roosevelt 
March 22 


MecClure’s address 


Studies in Chemical Development.” 
The CCDA Honor being 
given for the first time this vear, has 


Award, 


been established by the association to 
provide annual recognition of an indi 
vidual who has made outstanding con- 
tributions to the commercial chemical 
McClure, now 
Carbide 
Union 


development field. Mr 
division vice-president of the 
and Carbon Chemicals division 
Carbide and Carbon Corp., has devoted 
his energies to this field since 1931 

Mr. McClure joined the Carbide or 
ganization in 1928 after receiving the 
B.S. and M.S. degrees from the Univer 
sity of Pennsylvama. The honorary de 
gree of D.Sc. was conferred upon him 
in 1948 by Morris 
Charleston, W. Va 


Harvey College 


H. F. Willkie, 
charge of production, Joseph E. Sea 
gram & Sons, Inc 
to the board of directors of the Inter- 
national Dairy Exposition. He will 
serve through December, 1951. 


vice-president in 


was recently elected 
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FRARY, FORMER A.1.Ch.E. 
PRESIDENT, HONORED 


Francis Cowles Frary. President of 
A.LCh.E. in 1941, and director of re- 
search of the Aluminum Company of 
America, received the 1950 James 
Douglas Medal at the annual meeting of 
the American Institute of Mining and 
Metallurgical Engineers held at the 
Statler Hotel, New York, N. Y., Feb 
15, 1950. Dr. Frary was honored “for 
distinguished achievement m science and 
contribution to society by broadening the 
field of knowledge in all phases of the 
aluminum industry, and for his notable 
success in directing a vast research pro 
ject in this industry.” 

Dr. Frary received a Ph.D. degree 
from the University of Minnesota in 
1912. 
tant professor of chemistry at that um 
(1905-15); research chemist, 
Oldbury Electrochemical Co. (1915-17) 
and Captain Ordnance Department, 
O.R.C., Major C.W.S. (1918). A year 


later he became associated with the 


Hie was an imstructor and assis 


versity 


\lumimum Company of America 

Dr. Frary co-authored “The Alum 
a MeGraw-Hill publi 
cation, and hokls numerous patents 

Born in Minneapolis in 1884, Dr 
Frary has been active in A.LCh.E. at- 
fairs. Besides holding the highest othee, 
that of President, he served as direc 
tor for many years and was a mem 


num Industry, 


ber of the Committee on Ethics 


Herbert Pursell, Jr., has been trans 
ferred from the Marietta plant of the 
American Cyanamid Co. to the Bound 
Brook (N.J.) plant of the Caleo chem 
ical division 


H. B. McCLURE 


Bachrach 
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Eric R. Kent of the research and de- 
velopment department, Socony-Vacuum 
Laboratories, Paulsboro, N. J., has been 
selected to receive the 1950 incentive 
fellowship award of the Socony- Vacuum 
Oil Co., Inc., for advanced study for a 
Doctor's degree. 

Mr. Kent, now a U. S. citizen, was 
born in Vienna, Austria. He obtained 
the degree of M.S. in chemical engi- 
neering at the Universi of Michi- 
gan in August, 1947. After a year's 
study he joined the Socony-Vacuum 
Laboratories in October, 1947 where 
he was assigned to the process develop- 
ment division. He is the author of sev- 
eral patents which are panne on 
methods of wax purification 


L. G. Alexander, iormerly research 
assistant professor. University of IT 
linois, Urbana, Il., is now affiliated with 
the school of chemical engineering 
University of Oklahoma, Norman. Okla 


S. V. JENKINS 


Schuyler V. Jenkins is the new represen- 
tative in the chemical field for Sprout, 
Waldron & Co. Inc., manufacturing 
engineers of Muncy, Pa. His territory 
will cover New York State. Mr. Jenkins 
was associated at one time with Carbide 
& Carbon Chemicals Corp., and for a 
longer period with the Du Pont Com- 
pany, where among his assignments was 
the supervision of design of equipment 
and plants for chlorinated hydrocarbons 
and solvents, sodium, etc. His speciali- 
ties in chemical engineering include 
fluid flow, heat transfer, evaporation 
filtration, and electrolysis. 


(Continued on page 42) 
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PLASTIC: 
DIAPHRAGMS 


New ty developed plastic diaphragms for 
Hills-McCanna Diaphragm Valves now make it 
possible to handle 66° Be sulphuric acid without 
leaking, dripping or sticking. The combination of 
the proved Saunders Patent pinch clamp principle 
with the new plastic diaphragm puts an end to these 
troubles so common in valving 66° Be sulphuric. 


Hills-McCanna Diaphragm Valves for handling 
66° Be sulphuric are suitable for temperatures up 
to 125° F., pressures up to 100 psi. To get com- 
plete information, price and delivery data, write 
today. Specify valve sizes (%" to 4" incl.) and 
body material (cast iron, cast steel, Durimet or 
glass lined) desired. Full explanation of the 
Saunders Patent principle and specifications for 
Hills-McCanna valves for other services are 
given in Catalog V-48, available on request. 
HILLS-M°CANNA COMPANY, 2438 W. Nelson 
Street, Chicago 18, Illinois. 


HILLS-M‘CANNA 
ualues 


Proportioncng Pumps 
Force- Feed Lubricators HMagnesium rtlloy Castings 
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Free booklet 
tells where it fits 
in your business! 


In hundreds of applications 
from sizing to finishing, ver- 
satile glycerine i« playing an 
increasingly important role in 
the and 
in many of these applications 
suggested in the booklet, 
givcerine can materially im- 
prove your product! 

The story 
informative, 
let Why 


Textiles?” 


textile maduestry 


is told in one 
up-to date book - 
Glycerine for 


Contains compact informa- hy: 
tion on the physical properties of glycerine ... its origin, develop- 
ment and chemistry grades and their applications. 12 pages of 
practical, useful data ~yours for the asking! Whether youre in 
management produc tion, or research an expert on glve erine or 
thoroughly unfamiliar with the subject—you'll want this informative 
booklet. Write for your free copy —today! 


GLYCERINE PRODUCERS’ ASSOCIATION, DEPT. 30 


295 Madison Ave. « New York 17, N. Y. 


TRANSPARENT VITREOSIL (vitreous Silica) 
TUBING AND ROD 


Prices recently reduced by 20% 


Highly Transparent to 
Ultra- Violet Radiation 


Chemically and 
Catalytically Inert 

Useful up to 1000°C and 
under Extreme Thermal 
Shock 

Unusually Resistant 
Electrically 
Homogeneous and 
Constant in Properties 

Tubing available in sizes 
up to 5” internal diameter. 
Rod available in sizes up to 
1” diameter 


Send for Bulletin 29 covering specifications 
and prices on standard sizes 


4 


VITREOSHL 


2" The THERMAL SYNDICATE Ltd. 


“O'S 49 East 46 Street New York 17, N. Y. 
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H. R. ERWIN 


Howard R. Erwin, former technical 
superintendent of the Goodyear Syn- 
thetic Corp.'s plant at Torrance, Calif. 
has been named special representative of 
the chemical division of The Goodyear 
Tire & Rubber Co. Mr. Erwin has been 
assigned to the Cleveland district. He 
is a graduate of Iowa State College, and 
is affiliated with Buffalo, Akron and 
Los Angeles rubber groups. 


J. H. Cope, formerly 
Hydrocarbon Researct 
the Fi 
Marshalltown. lowa 


iS assistant sales man 


mstrument en 
gineet Inc., 1s 


now associated her Gover 


nor Co His title 


S. M. Hulak has recently been trans 
terred from the Niagara Falls (N.Y 
plant of B. F. Goodrich Co... to its Louis 
plant 


E. F. WAGNER 


Dr. Edward F. Wagner has been ap- 
pointed head of the recently reorganized 
technical service department of the 
Witco Chemical Co. 6200 West Sist 
Street, Chicago, Ill Dr. Wagner re- 
ceived his training in chemical engi- 
neering at Illinois Tech and spent a 
number of years in the petroleum in- 
dustry. He has been with Witco for 
the past five years in various executive 
capacities 

Six departments have been set up in 
the technical service laboratory to 
handle problems on the various products 
manufactured by the company. 
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THORP, CHMN. CHEM. 
ENG. RESEARCH, ARMOUR 


Clark E. Thorp has been named chair- 
man of chemistry and chemical engi- 
neering research at Armour Research 
Foundation of Illinois Institute of Tech 
nology. An announcement to this effect 


- 


HILCO Continuous Vacuum Pump Oil Purifying System ’ 
Oil purified at a fraction of a cent per gallon Write for 


Bulletin R-160 


Cc. E. THORP HICH VACUUM PUMPS REQUIRE CLEAN OIL! 


free from abrasive solids, varnish forming substances and especially 
was made recently by William E. Mahin volatile contaminants which raise vapor pressure and decrease pro 


j cessir eficier 
director of research at the toundation 


Mr. Thorp will head a department of 95 aS: bat da you haow 


-clentists and technicians now engaged 

: gag that of] can be purified easily by complete removal of all contaminants 

nm research projects tot industrial con on & continuous, full-fiow basis after each pass through a vacuum 

He ha pump, resulting in continuous pump operation at maximum efficiency 
» has 


cerns and government agencies and in elimination of of] waste’ 


een associated with the foundation 
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ment, Mr. Thorp has been im charge of 


in Canada: UP: ON-BRAL EEN-JAMES. Limited, 990 Bay St., Toronto 3464 Park Ave., Montreal 
all chemical engineering activities for ~ 


nine years “Yep 


Mr. Thorp was director of research 
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was--chet hemist for 


Fullers Earth Co. from 1936-37 and 


inalvtical chemistry tor National Lead while 
Co. in 1935 and 1936 . 
He received his B.S. degree from it GRINDS 
enn College in 1935, and im 1937 re o 
ceived a degre of M.S. from W estern while 
Reserve University. He is the author of 
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Taking Readings 


in loeb, plent, or both) 

Just a flick of the switch, then 
read the Brookfield dial, and you 
have your viscosity in centipoises. 
The whole operation, including 
cleaning up, usually takes /ess 
than a minute. 

Suitable for extremely accurate 
work with a wide range of mate- 
rials, both Newtonian and non- 
Newtonian, the Brookfield viscom- 
eter is portable and plugs in any 
A.C. outlet. 

Write today for fully illus- 
trated 8-page catalog. 


NEW! Two motors and 


provides up \ 
40.006 scissor-like 
stops meny 
— Write todey. 


110 Pome: Si Stoughton Mew 


Guard against Poison Hazards! 


—The Chemistry of — 
INDUSTRIAL 
TOXICOLOGY 


By HERVEY B ELKINS 


chem 
describes 


This book is specifically for 
ists and 


porsons 


engineers It 
themselves, the industrial 
how 


how to do 


processes in which they 
to detect 
way 


occur 

poisons, and 

with or mun 

mize then effects 

March, 19580 

406 pages 
$5.30 
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ON APPROVAL COUPON 


JOHN WILEY & SONS. INC. 
440 Fourth Ave., New York 16, N. Y. 


Please send me. on 10 days 
of Elkins’ THE 
INDt STRIAI 
to 
plus postage 
book postpaid 


approval 
CHEMISTRY OF 

TOXNICOLOGY i de 
the book | will remit $5.40 
otherwise | will return the 
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Address 
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Employed by 


(Offer not valid outeide US CEP 


CLASSIFIED SECTION 


Advertisements in the Classified Section of Chemical Engineering Progress are payable in 
ere placed at « word, with « minimum of four lines accepted. Box number 


words. Advertisements everage about 
y anne Aha inotitute of Chemical Engineers in good stand are 
han one insertion to members wil! be made at half rates. In 
Engineering 


free of char per year. More t 
using the Classified Section of Chemical 
and employees that all communic 
made aveilable on that condition 
an insertion. Size of type may 


120 Eaot Street, New York 


Boxed adve 
be specified by advertiser. 
x numbers should be addressed care of Chemical al Progress, 


six words « line. Members of the 
4 


one six-line insertion 


Progress it is agreed by prospective 


In anewering advertisements a!! 
Classified Section 


ORegon 9? Advertisements for this 


N. ¥. Tel 
section should be in the editorial offices the 25th a the month -- tH. the tesue in whic! 


te to appear 


SITUATIONS OPEN 


Chemical Engineer—Pilot plant and develop 
ment work. E location. 5-6 years 
experience, pre ably man with great in 
itiative, resourcefulness and qualities of 
leadership. At least M.S. degree desired 
Give details education, personal date and 
salary requirement. Box 

Chemical Engineer Supervisor — Attractive 
opening eastern location for pilet plant 
supervisor with broad experience organic 
chemicals. Please submit complete resume 
and salary desired. Box 2.3 


or Chemical Engineer..To work 

guidance of experienced chemist on 
textile dyeing and related problems. but 
must be capable of carrying on inde 
pendent program Initiative and diplomacy 
are desired Location midwest. Give de 
tails, education and experience Box 4-3 


SITUATIONS WANTED 
A.1.Ch.E. Members 


Chemical Engineer—-Ph.D.. age 34. Thirteen 
years of diversified and responsible indus. 
trial experience covering catalytic crack 
ing, complete refinery design and revamp. 
atomic energy design, light-ends recovery 
and oxygenated compounds seperation 
Strong in distillation, absorption, extrac 
tion and adsorption Experience ranges 
from process design and development to 
project engineering. Desire responsible po 
sition requiring technical, administrative 
and organizational ability. Box } 


University Teaching and Research Posten 
in chemical engineering. Purdue, B S.ChE 
1942. Michigan, MS 1943; PhD June 
1950 Two vears industrial experience, 
four years teaching Fellowships so 
Age 29: married. Box 5-3 

Engineer Chemist BS 1933 

experience with major com 
operation starting 
development. control 

satety and cost 
synthesis Experienced 

processes. Box 6 


Production 
Sixteen years 
panies in plant 
plants. product 
strumentation 
years organk 
batch and continuous 

Project Engineer BS ChE 1940 

design. equipment § design cost 
plant layout, purchasing 

contracts, erection. plant 
Organt« chemicals and 
Many unit operations 
Eastern location. Box 


Chemical 
> 
estimates spect 
fications 
up production 
pharmaceuticals 
unit processes 


start 


Chemical Engineer..BS 1942 Two years 
work Five years experience 
petrochemicals, petroleum. and = chemical 
processes Process design. development 
analysis. supervision Excellent 
scholastix record references Interested 
in any phase engineering offering real 
opportunity. Box 6-3 


age 28. married 
experience im design 
and pilot plant oper 
ation. Group leader for past three years 
Desire responsible position consistent with 
experience and offering improved oppor 
tunity. Box 9.3 


Engineer 8S 
Seven years 
process development 


Chemical 
family 
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—BS.ChE. Univ. of Mi 

Two years experience in pe 

engineering. Change desired. Agr 

three years military. commissioned 

_ location secondary. Currently residing 

North Jersey Available immediately 
Box 10-3. 


Chemical Engineer B.S. Chem., 1942, B.ChE 
1949. age 30. married. Eight years expe 
rience in analytical labs; foreman in ex 
plosives mfg.. rubber development includ 
ing compounding. design of new products 
technical sales service Box 11-3 


Teacher of Chemical Engineering 
June. 1950. Age 31. single. Five 
industrial experience. four years’ 
experience Desire permanent 
position with time for research Box 


Ph.D 

yeare 

teaching 

teaching 

12-5 

Creative Chemical Engineer Sore. 
1950 Eight years experience as p 
plant supervisor and research group a 
for catalytic synthesis of petroleum and 
organic chemicals Interested in a position 
that requires leadership and originality 
based on @ strong theoretical and practica! 
background in chemical engineering. Box 
13.3 


Ph.D 


experience process design, plant 
operation and project engineering with 
internationally known contracting firm and 
large oil company, specializing in oil, light 
hydrocarbons, and petrochemicals. Desire 
engineering group leadership or similar re 
sponsible position with organization plan 
ning expension. Box 14-3 


B.ChE Yale 
1942. married, family. Presently studying 
business administration Diversified engi 
neering experience; USNR officer: process 
product development. Desire opportunity 
to advance into Cocbutont, plant manage 
ment. Employed Bos 1s 

Chemical BS 1934 martted 
family, 39. Sixnteex. years experience in 
design, engineering. construction and oper 
ation of chemical plants. Desire responsi 
bilities in administrative capacity. Box 16 } 


Administrative Assistant 


Chemical Engineer B.ChE 1942 Fight 
years experience process development. de 
sign and operation Major experience 
project engineering in organix chemica! 
field. including operational investigations 
Primarily interested in qualifving for re 
sponsibl- position medium sized industry tn 
East. Box 17.3 

Chemical Engineer —M ChE 
sibility. job must 
Plant design. pilot plant. control Third 
vear of refinery design following cus 
tomers requirements through desien equip 
ment selection, erection drawings. Gradu 
ate thesis on food veast fermentation 
Box 18.3 


Require Tespon 
challenge initiative 


Man.Ten years of 
operation development laveut organi 
pilot plant. fate and oils refining, high 
vacuum distillation. Complete competence 
in handling people and processes Tor 
references. Box 19.3 


Chemical Production 


Supervisory Chemical Engineer 
Experienced in supervision. operations 
pilot plant development. plant design. and 
economic studies of petroleum and petro 
chemical plants Desire responsible engi 
mooring position with small company. Box 
0 
2 
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CLEAN 


By the 


Bethlehem Process 


Type “F” Filter 


Operating on the Gold 
Adhesion Principle 
this mercury filter is 
ideal for general 
laboratory and indus- 
trial use. It effectively 
and completely re- 
moves dirt, oxide 
scums, oil, water and 
acid — delivers bone- 
dry, bright, clean mer- 
cury in a few min- 
utes. Saves you time 
and money. 


Price only $45 


For more complete information on the 
Type “F" Mercury Filter write: 


Bethlehem Apparatus Company 
886 Front St. 
HELLERTOWN, PA. 


AUTOMATIC CONTROLS 
FOR INDUSTRIAL APPLICATIONS 
REQUIRING POSITIVE CONTROL 


OF PRESSURE. TEMPERATURE, 

3 LIQUID LEVEL ETC. rsa 

SIMPLE TO ADJUST FORTHE 
SPECIFIED OPERATING RANGE 


MERCOID CONTROLS ARE EQUIPPED 
WITH MERCURY SWITCHES, THEREBY 
INSURING GREATER SAFETY, BETTER 
PERFORMANCE AND LONGER CONTROL LIFE 
a WRITE FOR CATALOG 6008 > 


THE MERCOID. CORPORATION 
4201 BELMONT AVE. CHICAGO 41, ILL 


Vol. 46, No. 3 


CLASSIFIED SECTION 


(Continued from page 44) 
Situations Wanted 


Engineer—}2. Five years in re 
search, development, and process engineer 
ing. and 3 years in project (chemical) 
engineering Experienc chemicals, petro- 
chemicals, organics from process develop 
ment and pilet planting. economic ap 
praisal and process design. through engi- 
neering. construction. operation. and 
rocess improvement on cither small or 

ree scale. Administrative ability. 8.5... 
M.S. credits. Box 21.3 
married, vet. 
diversined develop- 
and production experience, trans 
chemical date sales corre- 
spondence in German or Spenish. Inter- 
ested in selling chemical products or 
processing equipment. Box 22.3 


Executive Engineer Chemical engineer en 
gaged in directicn of group designing 
plants for soaps, detergents, chemicals. 
and pharmaceuticals Seek position as 
chief engineer. In present position heave 
overall responsibility for projects. Metro- 
politan area preferred = 24.3 


1947, 


Nonmembers 


Chemical Engineer E 
ate, high scholastic standing 
position with future Will relocate 
Chemical Corpse and Technical 
gence experience. Box 23.3 


gradu. 


Recent 


rmy 
Intelli 


Space Available. 700 oq. ft. suitable for an 
office for consu'tant or organization identi 
fied with chemical profession or industry 
Will make extensive alterations for de 
sirable tenant Apply: Manager, Chemists 
Buildine. $0 Fast 41et Street, New York 
17, Le 2.7649 


PERSONALIA 


(Continued from page 43) 


SHARPLES PERSONNEL 
IN NEW CAPACITIES 


Sharples Chemicals Inc. announces 
the following personnel changes in its 
Wyandotte ( Mich.) plant. 

Howard F. Bjork, formerly produc- 
tion manager, is now plant managet 


| Mr. Bjork has been with the company 


13 years. 

Robert P. Ogden, formerly superin- 
tendent of the service department, is 
now production manager. 

J. W. Mayers, formerly assistant to 
the vice-president-production, has been 
appointed chief engineer 


Donald W. Beery has been ap- 
pointed senior engineer in the recently 
organized synthetic fuels and chemicals 
department, Blaw-Knox Co., Pittsburgh, 
Pa. Mr 
1948 after 10 vears’ technical experience 


Beery went to Blaw-Knox im 


in chemical processing. Much of this in- 
volved pilot plant operation and process 
design in such fields as petroleum proc- 
essing, varnish and plastics production, 
synthetic rubber, and natural and syn- 
thetic fibers. He is an alumnus (chem- 
ical engineering ) of Newark College of 
Engineering and Master's 
degree from Stevens Institute of Tech- 
nology 


received a 


(Continued on page 46) 
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Desire | 


*Article in 
C. & BE. News 
Vol. 27 — #39 


Alkalis, Salt, Oil and Water 


8 Attractive Cofor 
Like Paint 
Wood 


to Masonry. Meta! 


Keep Your Mercury P| | The Liqui 
Plastic 
that 
| 
FCO 
An 
Prufcoat proven superior to all other 
atter eight years’ experience with Prul- 
coat. And this is just one of many reports 
\ on file testifying to the effectiveness of q 
Ga tions in controlling corrosion caused by 
chemical agents such as these: 
Acetic Acid Muriatic Acid 
Send today for a Prufcoat PROOF 
Packet. Contains in one easy-to-file folic 
outside laboratory tests. case histories. 
analyzing your own painting maintenance 
costs. Write Pruicoat Laboratories, Inc., 
More 
because it 
PROTECTS | 
Page 45 


YOU GET POSITIVE CORROSION 
RESISTANCE ON ALL! 


Tanks 10 ft. in diameter, 12 ft. 
deep—or pipe fittings no larger 
than your thumb. Every piece of 
process equipment in your plant 
can be made positively corrosion re- 
sistant for longer service life, lower 
maintenance costs. HAVEG, the 
strong, lightweight molded mate- 
rial, resists chemical action through 
its entire mass. Not just a lining or 
coating, its performance is not af- 
fected by surface gouges or abrasion, 

We're sure HAVEG can help you 
increase equipment life—so sure 
that we ask you to try it. Send 
for samples or install a test piece. 
Meaowhile, for detailed engineer- 
ing and application data, write for 
Bulletin today 


Available in complete 

range of sizes to meet Qy 
all proces* equip- 

ment needs! 


NEWARK 99,0E 
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(Continued from page 45) 


D. E. JACK 


Bachrach 
Delbert E. Jack has returned to Cali- 
fornia to establish his own company as 
manufacturers’ agent. He was formerly 
vice-president in charge of engineering 
and sales for The Duriron Co., Inc. He 
retains his current position on the board 
of directors of The Duriron Co., and is 
retained by that company as its West 
Coast technical director. 


John W. Bertetti, formerly chief en 
Root Petroleum Co.. EL Do 
rado, Ark.. is technical 
Pan-Am Southern Corp., El! 
\rk The Pan 

Petroleum Corp. of New Orleans, La 


gineer 
now director 
Dorado 
merger ot Americar 
Root Petroleum Co 
Pan-Am 


reported last vear 


with its subsidiary 
Shreveport La to form 


Southern Corp. wa 


W. D. STALEY 


Wayne D. Staley, formerly New York 
district manager, The Duriron Co., has 
been appointed general sales manager 
and will be located at the home office 
of the company in Dayton, Ohio. In 
directing sales and advertising activities, 
he will replace Delbert Jack who has 


resigned as vice-president in charge of 
engineering and sales. 


R. F. Sharpe, former manager of the 
Philadelphia office, The Duriron Co 
Inc., has been appointed New York dis 
trict manager 
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ZIMMERMAN HEADS CHEM. 
ENG. AT NEW HAMPSHIRE 


Dr. Oswald T. Zimmerman, professor 
of chemical engineering at the Univer 
sity of New Hampshire, Durham, N. H.. 
who has been teaching the subject in 
the department of chemistry, will head 
the newly created department of chem 
ical engineering. Professor Zimmermat 
is an authority on synthetic resins and 
hydraulic cements. He was graduated 
from the University of Michigan in 
1929, and received his Master's degree 
in chemical enginering from Michigan 
in 1931, and a Ph.D. in 1934. He has 
taught at the University of North 
Dakota and has been a research chemist 
for a Detroit dental manufacturing com 
pany. He has been at the University of 
New Hampshire since 1938 


Necrology 


M. J. BAHNSEN 


Dr. Monroe John Bahnsen, director 
ot chemical research, Ferro Ename! 
died Feb. 4. Born at Port Clin 
Chio, he attended public school im 
ase Institute of Tech 
B.S. de 


gree in chemical engineering in 1929 


( orp.. 
ton 
Port Clinton, and ¢ 
nology where he received his 
He was employed at the Cleveland 
plant of the Grasselli Chemical Co. unti! 
1930 when he entered the 
school of Western Reserve 
Cleveland, Ohio. In 1931 he was award 
ed the Cushman Fellowship for funda 
mental research in the field of porcelair 
enamel. Ph.D. in chem 
istry from Western Reserve in 1934 and 
had been associated with Ferro Enamel! 


graduate 
University 


le receiv ed a 


Corp. since that time. He was appointed 
chemical research im 1943 
ind remained in that capacity until In 
death 

The 
Fund has been established by contribu 
tions of associates. This 
fund annual $100 
award to the senior the ce 
ind chemical et 
gineering Institute of 
ogy, Cleveland, Ohio 
for the most outstanding work in 


director of 


Monroe |. Bahnsen Memoria! 


friends and 
is to be used as an 
student m 
partment of chemistry 
at Case Techno! 
who ts selecte« 
course in chemical engineering projects 


F. E. DODGE 


Frank Ellsworth Dodge. retired chem 
ical engineer, died Feb. 17 at the Park 
Villa Nursing Home in Rockville Cen-¢ 
tre, Long Island. His age was 83. At 
retirement in 1946 he with the 
Midwest Radiant Corp. as chemical! 
engineer. He had previously served in a 
similar capacity with the National Lead 


Lo 


was 
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BAUER 8-IN. ATTRITION MILL 


Builders-Providence, Inc. 

Carbide & Carbon Chemicals Corp. 
Inside Front Cover 

Celanese Corp. of America. . 

Crane Company ..... 10 

Croll-Reynolds Co., 4 

Dow Chemical Co. 13 


GRINDS, MIXES, 


Any combination of materials 
capable of being pulverized can be ground, 
mixed, and blended in this Bauer Single- 
Disc Attrition Mill. The ingredients are 
thoroughly dispersed, resulting in com 
plete homogeneity. 

The mill illustrated is equipped with a 


for coarse or fine grinding is made by 
means of a large hand wheel with gradu- 
ated dial. Many patterns of discs are avail- 
able to meet specific requirements 
Complete information on this and othe 
Bauer Attrition Mills will be gladly fur 
nished. Give us an idea of the kinds a 


Downingtown Iron Works 38 

Duraloy Company ..... 28 

Duriron Co. 

Fischer & Porter Compony, 

Outside Back Cover 
34 


quantities of materials to be processed 
that wecan make definite recommendation 


screw feeder which assists the blending 
process. Accurate adjustment of the discs 


1794 Sheridan Ave., Springfield, Ohio 


WHAT WILL SUMMER 
HOT WEATHER 
D070 You PROCESS 


Croll-Reynolds CHILL-VACTORS frequently show « 
ay profit over the total cost in extra production the 
rst season, and they have many years of maintenance- 
free service. There are usually extra benefits in better 
quality and more uniform quality. 

CHILL-VACTORS have many advantages, but are not 
perfect. In general, they are limited to temperatures 
above 32°F. They require more condenser water than 
mechanical refrigeration, but almost any natural water, 
including sea water, can be used. There are too many 
advantages to list here. The most important are: 


Low cost . Can be operated by low pressure steam 
No refrigerant except water . No moving parts, 
Practically no operating supervision noise or vibration 
Some liquids or solids can be cooled direct without brine or 
other circulating fluid 
Made in sizes from a few tons to 1000 tons or more 
(1 ton = 12,000 B.T.U. per hour) 


Individual engineering study will be given without obligation to each industry. 
This also applies to any industrial vacuum requirement down to a few microns 
absolute pressure. 


CROLL - REYNOLDS CO., INC. 


17 JOHN STREET. NEW YORK 7, N. Y. 
CHILL-VACTORS STEAM JET EVACTORS CONDENSING EQUIPMENT 


Floridin Company 
Foxboro Co., The .... 48 
Freeport Sulphur Co. ... 5 
General American Trans. Corp., 
Wiggins Gasholder Div. 
Glycerine Producers’ Association 
Girdler Corp 
Hardinge Co., Inc. 
Haveg Corp. 
Haynes Stellite Co. 
Hilliard Corp., The . 
Hills-McCanna Co. 
illinois Water Treatment Ca. 
Johns-Manville 
Knight, Maurice A. 
Lapp Insulator Co. 
Lawrence Machine & Pump Corp.. 
Lummus Co., The 
Mercoid Corp. ....... 
Metal Hydrides, Inc. ............ 37 
Milton Roy Company, Inside Back Cover 
Monsanto Chemical Co. 
Niagara Filter Co. 
Pfaudier Company, The 
Prufcoat Laboratories, Inc. 
Read Machinery Division of The 
Standard Stoker Co., 
Sharples Corp., The 
Shriver & Co., Inc., T. .. 
Sprout, Waldron & Co. . 
Thermal Syndicate, Ltd 
Union Carbide & Carbon Corp., 
Inside Front Cover, 27 
Wiggins Gasholder Div., General 
American Transportation Corp...114 
Wiley & Sons, Inc., John 


114 
42 
9 
43 
46 
27 
43 
19 
29 
40 
8 
36 
4 
45 


CHEMICAL ENGINEERING PROGRESS 


«. 
INDEX OF ADVERTISERS 
Page 
25 
23 
45 
BLENDS 
_ 
THE BAUER BROS. CO. g 
REYNOLDS 
Vol. 46, No. 3 ee Page 47 


NEW OPPORTUNITIES in continuous processing 


AUTOMATIC 
LIQUID-SOLID 


RATIO CONTROL...by Foxboro 


Many a troublesome batch process can be converted 
to continuous operation — with resulting economies 
and product improvement — by installing Foxboro 
Liquid-Solid Ratio Control. This simple, accurate sys- 
tem has been thoroughly proved in use on such proc- 
esses as the extraction, dissolving, or reaction of 
materials. 

Typical exar-.ples include the proportioning of acid 
feed to phosphate rock in the production of phosphate 
fertilizer, and the proportioning of water to the feed of 
crossettes (ground beets ) in the production of beet 
sugar. Wherever ratio-ing the quantity of liquid 
reagents to a varying rate of solid chemicals being 
delivered by a conveyor belt is desirable, this fully 
automatic system simplifies the operation and im- 
proves the efficiency of the process. 

In this system, a Foxboro Recording Controller 
receives a continuous measurement of weight of the 
solid material (from a Foxboro Pneumatic Motion 
Transmitter incorporated in a Merrick Weightometer 
located above the conveyor belt ), and also receives 
a continuous measurement of liquid flow from a 


OXBOR 


RtG U S&S PAT OFF 


Foxboro d p Cell or mercury manometer. The desired 
ratio between solid and liquid can be readily set by a 
dial in the instrument which, in turn, controls the 
liquid flow. 

The efficiency-boosting advantages of Foxboro 
Ratio Control are now being realized by a number of 
leading companies. If you have a similar problem, 
learn how these advantages may be achieved for 
your plant. Write for engineering data. The Foxboro 
Company, 248 Neponset Ave., Foxboro, Mass., U.S. A. 


This illustration 
shows Foxboro 
Ratio Control at a 
large beet sugar 
plant. A Merrick 
Weightometer 
equipped with a 
Foxboro Pneumatic 
Motion Transmitter 
appears in the fore 
ground. 
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“Censtemetric™ pump discharge curves. Showing hew twe reciproceti 


deliver at a constant rate of flow. 


tant flow. 


E—End of discharge stroke and stort of suction stroke, plunger one. 


The Controlled Volume Pump 
that Delivers in Straight Line Flow 


The Milton Roy “Constametric” is a positive displacement, controlled 
volume chemical pump having a constant flow delivery without pulsation. 
Two double-ball check liquid ends are employed. The plungers are driven 
by cams so designed that the speed of one plunger decelerates at the end 
of its stroke at a rate equivalent to that at which the second plunger ac- 
celerates. Since the two liquid ends have common input and output mani- 
folds, the combined delivery of the plungers is at a constant rate of flow 
at the cross-over point between plunger loadings, as well as during the 
balance of each plunger stroke. The pumping action is exactly the same 
as that of a single plunger, moving forward continuously at a fixed rate 


of speed. 


Capacities and Pressures 


“Constametric” pumps are furnished with plungers from *%" to 1%” 

dia., to pump from a minimum of 0.07 gallons (250 ml) per hour to a 

maximum of 57 gallons per hour. Maximum pressures range to 5,000 psi, 

on the smallest plunger diameter. Automatic, stepless speed regulation 

over a range of 20 to | is obtained by means of the Thymotrol electronic 
system. Any metered variable, such as flow, tempera- 
ture, conductivity, pressure, etc., can be utilized to 
actuate the speed of the pump through this electronic 
control system, thus regulating the metered rate of 
discharge. 


For typical delivery curves, capacity-pressure table, ap- 
plications and engineering data, ask for Bulletin 649. 


flow and 


Showing drive mechanism, cam track, 
cam follower, etc. Milton Roy “Consta- 
metric” Pump. Principles of design and 
application fully covered by patent 
applications. 


1379 E. MERMAID LANE, CHESTNUT WILL, 


SE FROM CYLINDER OME | DISCHARGE FROM CYLINDER TWO | 
A—Plunger number one discharges inte manifold at maximum flew continvetion of cons 
and constant rote 
C—Cressever point where discharge by piunger one equals dis- : 
cherge by plunger number two. G—Plunger twe discharging into manifold at moximum a 
D—Combined discharge by plunger one and plunger two Note the constant rate. Z 
4 
«| 
r= q re 
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PLANT-WIDE FLOW MEASUREMENT SIMPLIFIED 
BY NEW, INEXPENSIVE F & P AREA METER 


3 BASIC UNITS IN INDICATING, RECORDING COMPLETE FLOW 
+ OR TELEMETERING 
STANDARD PIPE TEES INSTRUMENTS MEASUREMENT 


MAXIMUM CAPACITIES 


(MIN, = 1/10 MAK) 


Pipe 
LiQuiD* 
FITTING 
Sizes 


Gases 
16.5 28.0 
3” 37.0 55.0 
4” 110.0; 275.0 
6” 336.0 | 1000.0 
8” 750.0 | 1800.0 


10” 
12” 
14" 
16” 
20” 
* SP, GR. 1.0 
@ SECONDARY ELEMENTS 
NO. OF NO. OF NO. OF 
PART SIZES PART Sizes PART SIZES 
REQUIRED REQUIRED REQUIRED 
PNEUMATIC 
wr 10 INDICATING 1 TRANSMITTER 1 
CLOSE-COUPLED REMOTE 
yr SLEEVE 13 RECORDING 1 8) ELECTRICAL 1 
REMOTE ELECTRICAL 
wr FLOAT 13 (6) PNEUMATIC 1 TRANSMITTER 


Flow capacities from 2 gpm to 6200 are handled with a minimum 
number of basic metering parts designed for installation inside 
standard pipe fittings. Mountings for Secondary Recorders, 

Controllers, and Integrators are interchangeable in all sizes. 


ye 


cur coupon 
FISCHER & PORTER COMPANY Mall TODAY 
Dept. ON-7H, Hetbore, Po. 


Please send me o free copy of cotelog section 83 
which fully describes F & P Flowmeter Standardization. 


‘HATBORO. PENNSYLVANIA. US A 


FISCHER & PORTER COMPANY 
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| 
gee consist of a vertical tapered ai 
tube (smallest diameter at the a 
metering element (floot) of fixed 
diameter is free to move 
differential "h” as a co te 
INSTRUMENTS 


